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PR E FACE. 



Tan autliora Iiave endeavored to include in tliis sliorf; 
treatise enough of the theory and practice of qualitative 
analysis, " in the wet \Yay," to bring out all the reasoning 
involved in the subject, and to give the student a firm 
hold upon the general principles and methods of the ai't. 
It has been their aim to give only so much of mechani- 
cal detail as is essential to an exact comprehension of 
t!ie methods, and to auccesa hi the actual esperimenta. 
Hence, the mnlfcipheation of different testa or processes, 
having essentially the same object, has been purposely 
avoided. For the same reason, none of the rare ele- 
ments are alluded to. The manual is intended to meet 
the wants of the general student, to whom the study 
is chiefly valuable aa a means of mental discipline, and 
as a compact example of the scientific method of arriving 
at truth. To professional students who wish to make 
themselves expert analysts, this httle book offers a logical 
introduction to the subject — an outline whieh is trust- 
worthy as far as it goes, htit wliich needs to bo filled 
in and enlarged by the subsequent use of some more 
elaborate treatise as a book ol rel'orcnce. Prof. Johnson, 
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of Tills, has supplied this need ■with his excellent edition 
of Fresenius's comprehensive manual. 

The mtthors beheve that they have put into the follow- 
ing pages aa much of inorganic qualitative analysis as is 
useful for training, and also as much as the engineer, 
physician, agricultttriet, or liberally educated man needs 
to know. The book has been written for the us© of 
classes in the Institute of Technology, who have already 
studied the authors' " Manual of Inorganic Chemistry." 
It is simply an implement devised to facihtate the giving 
of thorough instruction to large classes in the laboratory. 
It is the authora' practice to examine their classes orally 
every four or five exercises, in order to secure close at- 
tention to the reasoning of the subject. "With tliis excep- 
tion, the art is studied exclusively in the laboratory, tools 
in hand. Fifty laboratory exercises of two houi-a each 
have proved sufficient to give their classes a mastery of 
the subject as it is presented in this manuah 

It i"? fecircely necessary to say that this httle work is a 
compilation fi'om well-known authorities, among whicli 
maj bo ijarticularly mentioned the worJrs of Galloway, 
"Will, Fiesenius, and Horthcote & Church. 

Boston, Jpi~i!, 18G9. 
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QUAL1TATI\^E ANALYSIS. 



INTEODXJCTIOK. 

1. Qi/ALiTATivE Analysis, in tlie widest aeuse of the 
tei-m, ia the sirt of finding ont the elements containecl in 
compound sabatsinceE. This general definition haa im- 
portant limitations in practice. In the first place, the art, 
as conunoEly taught, apphes almost exclusively to miner- 
al, or inorganic, anbstanceSj and touches only incidentally 
npon the multifarious compoimda of carhon with hydro- 
gen, oxygen, nitrogen, and a few other elements, which 
form the anbjeet-matter ol that branch of chemical science 
called organic chemistry. Again, the analysis of gases 
constitutes a distinct branch of analysis, requiring methods 
and apparatus of its own, and therefore to be moat ad- 
Yfrntageonsly studied by itself. These deductions made, 
there remains the analysis of inorganic solids and liquids, 
which is in fact the main subject of qualitative analysis in 
the present technical sense of the term. 

Of the sixty-five recognized chemical elements, only the 
thh-ty-four most important are embraced in the systematic 
course of this manual. Means of detectuig a few other 
loss common elements are incidentally given ; but the ele- 
munta which are so rare as to be at present of little in- 
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terest except to the professional chemist or minei-alogiat, 
are not alluded to. 

2. Some previous knowledge of general cliemistry ia 
essential to tlie eucceasful study of qualitative analysis. 
It ia assumed that the student knows sometliing of the 
common elements and of their most imporfcfinfc combina- 
tions, that he is familiar witli the piincipal laws which 
govern chemical changes, and that he possesses a certain 
skill in the simplest manipidations. The tools and opera- 
tions employed in qualitative analysis are few and simple ; 
but neatness, method in worlting, and a vigilant attention 
even to the miauieet details, are absolutely essentiah As the 
vai'ious substances used or produced in the operations of 
analysis will not be particulai-ly described, the careful 
student will teep at hand some text-book on general 
chamistiy, to which he can constantly refer to refresh his 
recollection of the formulte and physical and chemical 
properties of the substances referred to. It should be 
observed that it is often very difficult — in fact, impossible 
in the present state of knowledge — to express in exact 
equations the involved or obscure reactions which occar 
in complex mixtui'es during the operations of analysis. 
It is a useful exercise for students to write out in equa- 
tions the simpler chemical changes which occur in analy- 
sis ; but when the attempt ia made to pnt a complex 
reaction into numerical symbola, the equations are apt 
to express either more than we know, or less. 

3. Although the detection of the elements contained in 
compound substances is the idtintate object of analysis, it 
is only by exception that the elements themselves are 
isolated, and recogniaod in their uncombiued condition. 
An element ia generally recognized through some familiar 
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§ 3 IDENTIFl'mG COMPOUKDS. 11 

compOTind, whose apparition proves tJie presence of all 
the elements it contains, just as the presence of any word 
upon this page makes it sure that the letters with which 
it is spelt are imprinted there. If, as the result of a defi- 
nite series of operations upon some unlinown hody, the 
hydrated oxide of iron be produced, no iron having been 
added during any stage of the process, the proof of the 
presence of iron in the original body is quite as certain as 
if the gray metal itself had been extracted from it. K 
some well-known sulphate, like sulphate of lead, or of 
barium, for esaraple, result from a. aeries of experiments 
■npon some tmknown mineral, it is certain that the mineral 
contained sidphur ; provided only that no sulphur has 
been introduced in any of the chemical agents to whose 
action the mineral has been submitted. 

The compounds through which the elements are recog- 
nized are necessarily bodies of known appearance, deport- 
ment, and properfciea. They are, in fact, bodies of various, 
though always definite, composition ; oxides, sulphides, 
chlorides, sulphates, and many other salts, are thus made 
the means of identifying one or more of the elements 
which they contain. The object of the analyst is to bring 
oiit, from the unknown substance, by expeditious processes 
and under conditions which admit of no doubt as to their 
testimony, these identifying compounds, with whose ap- 
pearance and qualities he has preyioiisly made himself ac- 
quainted. As he follows the course of experiments laid 
down in this manual, the student will gradually aeqrai'e, 
with the aid of frequent references to a text-book of 
general chemistry, that stock of information concerning 
the identifying compoimds which must be always ready 
for use in his mind, and at the same time he wiU be 
made familiar with the character of the methodical pro- 
cesses which secure a prompt and sure tesfciiuony to 
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12 IDEHTIFYINQ' COiVrPOlXRDS. § 4 

the elementary composition of tlie substances he ex- 



4. The subject is treated in two pai-ts or diTisions, of 
which, the lirst contains a sy3tem.atie course of examina- 
tion for substances in solution, when once that solution 
lias been made ; and the second treats chiefly of the pre- 
liminary examination of solida and the meana of bringing 
them into solution. 
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PART FIRST. 



CHAPTER I. 

DIVISION OF THE METALLIC ELEMENTS INTO CLASSES. 

5. Examxjle of the Separation of two Elements. Put a small 
crystal of nitrate of sflver and a. small crystal of sulphate 
of copper into a test-tube {§ 155), and dissolve them in 
two teaspoonfuls of water, warming the water at the lamp 
to facilitate the solution, Add to this solution a few drops 
of dilute chiorhydric acid {§ 98), Shake the contents of 
the tube violently, wait until the curdy precipitate, which 
the acid produces, has separated from the Hquid, and then 
add one more drop of chlorhydric acid. If this drop pro- 
duces an additional precipitate, repeat the operation until 
the new drop of acid produces no change in the partially 
clarified hquid. Then, and not till then, has all the silver 
which the original solution contained been precipitated in 
the form of chloride of silver, an unemployed balance or 
excess of the reagent, chlorhydric acid, remaining iu the 
dear liquid ; this liquid can be readily separated by fil- 
tration from the curdy chloride. Shake the contents of 
the test-tnbe, and trsmsfer them as completely as possible 
to a filter (g 160), supported in a very small glass funnel 
(5159), which has been placed in the mouth of atest-tnbe. 
With the wash-bottle (5 170) rinse into the filter that 
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porblon of the precipitate wliioh has adhered to the sides 
of the first teet-twbe. When the filtrate has drained com- 
pletely from the precipitate, set the test-tube which has 
received it aside. Wash the precipitate together into the 
apex of the filter by means of a wash-bottle with a fine 
outlet ; and, in order to wash out the soluble sulphate of 
copper which adheres to the precipitate, fill the filter full 
of water two or three times, throwing away this wash- 
water when it has passed through the filter. 

Dhe complete separation of the silver and copper which 
were mixed in the original solution is already aceom- 
pUshed ; the silver is on the filter in the fonn of chloride ; 
the copper is in the clear, bluish filtrate. This speedy 
and efEectual separation of the two elements is based up- 
on the fact that chloride of silver is insoluble, while chlo- 
ride of copper is soluble, in water and acid Uquids. 
Such differences of solubility are the chief rehance of the 
analyst. 

6. Definition of the term " Class." Class I. In this ex- 
periment only two elements have been separated. It 
might obviously be very difficult, if not impossible, to find 
a special reagent for every element, which would always 
precipitate that single element and never any other. 
Chlorhydi-ic acid, for example, which precipitates silvei' so 
admirably from any solution containing that element, is 
capable of ehminating two other elements under like con- 
ditions. The lower chloride of mercury (calomel) is in- 
soluble in water and weak acids. Chloride of lead is 
sparingly soluble in cold water, and is still less soluble in 
water acidulated with ohlorhydric acid. The chlorides of 
the other metallic elements are all soluble in water and 
acids under the conditions of the analytical process. 

There arc embraced in the scope of this manual twenty- 



i.y Google 



§ 6 THE TEEM CLASS, 15 

two common elements of the sort ordinarily called metal- 
lic, moat of -which form those oxides relatively poor in 
oxygen ■which are collectively designated as hoses. If 
chlorhydi-ic acid were added in proper quantity to a solu- 
tion imagined to contain all these elements, three, and 
only three, of the twenty-two elements would be precipi- 
tated as chlorides. After filtration and washing, a mix- 
ture of chloride of silver, chloride of lead, and subchloride 
of mercury, would remain upon the filter, and all the other 
elements would have passed into the filtrate. Silver, lead, 
and mercury, the three elements thus separated from the 
rest by this well-marked reaction with chlorhydric acid, 
constitute a clam, the first of several classes into which the 
metallio elem.ents are divided for the ends of qualitative 
analysis. Each class is characterised by some clear re- 
action which snf&ees, when inteUigently applied, to separ- 
ate the members of any one class from tlie other classes. 
The chemical agent, by means of which this distinctive re- 
action is exhibited, is called the general reagent of the class. 
Thus, chlorhydrio acid is the general reagent of the first 
class. 

This division of the elements into classes renders it un- 
necessary to find means of separating each individual ele- 
ment from all the others. In the systematic course of an 
analysis, the classes are first sought for and separated ; 
afterwards each class is treated by itself for the detection 
of its individual members. It is an incidental advantage 
of this division of the elements into classes, that, when the 
absence of any whole class has been proved by the failure 
of its peculiar general reagent to produce a precipitate, it 
is unnecessary to search farther for any member of that 
class. Much time is thus saved ; for it is as easy to prove 
the absence of a class as of a single dement. The full 
treatment of the first class of elements, comprising, as wc 
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have seen, silver, lead, and mercury, is tlie subject of Cbap- 
ter n. 

7. Experiment to iUustrate ihe Division of the Metallic 
Elements into Glasses. We proceed to demonstrate ex- 
perimentally the chemical facts upon whicli rests the 
diyision of the other metallic elements into convenient 
classea. 

Prepare a complex solution, by mixing together in a 
small beaiier (§ 158) the following eoliitiona, Tiz. : — a eo- 
lution of chloride of copper (OuOl^) prepared by dissolv- 
ing a few grains of oside of copper in chlorhydric acid ; 
a solution of arsenious acid in chlorhydric acid ; a. solu- 
tion of ferrous chloride prepared by dissolving a little fine 
iron -wire or filings in chlorhydric acid ; an aq^aeous solu- 
tion of chloride of zinc ; an aqueous solution of chloride 
of calcium ; an aqueous solution of chloride of magne- 
sium ; an aqueous solution of chloride of soditim. If the 
solutions be all moderately strong, a small teaspoonfu! of 
each solution will be enough. Dilute the mixture th\ie 
prepared with its own bulk of water. Should any turbid- 
ity or precipitate appear, add chlorhydric acid, little by 
little, until the solution becomes clear. This solution is 
representative ; it contains at least one member of each 
of the classes of elements which remain to be defined. It 
contains no member of the first class, which may be con- 
sistently supposed to have been previously precipitated, 
as in the foregoing experiment (§ 5), an excess of chlor- 
hydric acid remaining in the liquid. 

8. Definition of Glasses II and III. Pass a slow current 
of sulphydric acid gas {§ 107) from a gas-bottle or gener- 
ator through the acid liquid in the beaker. This opera- 
tion must be performed under a hood. A dense, dark- 
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§ 8 OLAKSES II AKB III. 17 

colored precipitate will immediately appear, and gradu- 
ally increase in bulk. "Wlieii the gas has flowed continu- 
ally for five or ten minutea tlu-ough the liquid, stop tlie 
stream, stir the liquid weU, and blow out the sulphydrio 
acid which, lies in the beaker. If after the lapse of two or 
three minutes the liquid smells distinctly of sulphydrio 
acid, it is saturated with the gas, and it is sure that the 
reagent has done its work. If the liquid does not retain 
the characteristic odor, the gas must be again passed 
through it, until saturation is certainly attained. 

Pour the contents of the beaker, well stirred up, upon 
a filter, supported over a test-tube or second beaker. 
Binse the first beaker once with a teaapoonful of water, 
and transfer this rinsing water to the filter, allowing the 
filtered liquid to mix with the original filtrate. Label* 
this filtrate " Filtrate from n and IH " (classes), and 
preserve it for later study. 

If any considerable quantity of precipitate has adhered 
to the sides of the original beaker, it may be detached and 
washed into the filter by means of a sharp jet of water 
fi-om the wash-bottle. The precipitate, as it lies upon the 
filter, must then be washed once or twice with water ; the 
wash-water is thrown away. The washed precipitate 
consists of a mixture of sulphide of copper (CuS) andter- 
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18 CLASSI3 n AND 111. § 8 

Bulpliide of araeiiic (As^Ss). The fact that these siilph- 
ides are precipitated under the conditious of this experi- 
ment proves that they are both insoluble in ■weak acid 
liquors. They are also both insoluble in water. But an 
important difference between the two sulphides neverthe- 
less exists, a difference which affords a trustworthy means 
of separating one from the other. 

"When the water has drained away from the precipitate, 
open the filter upon a plate of glass, and gently scrape 
the precipitate off the paper with a spatula of wood or 
horn. Place the precipitate in a small porcelain dish (§ 
162), pour over it enough aulphydrate of sodium solution 
(§ 117) to somewhat more than cover it, and heat tlie 
mixture cautiously to boihng, stirring it all the time with 
a glass rod. The quantity of snlphydrate of sodium so- 
lution to be employed varies, of course, with the bulk of 
the precipitate ; but in this case two or three teaspoonfula 
will probably suflce. It is very undesirable to use an im- 
necessarily large quantity of the reagent, A portion of 
the original precipitate remains undissolved ; but a por- 
tion has passed into solution. Filter the hot hquid again. 
The black residue on the filter is sulphide of copper, 
which is insoluble, not only in water and weak acids, but 
also in alkahne Hquids. To tlie fllti'ate, collected in a test- 
tube, add gradually chlorhydi-ic acid, until the liquid has 
an acid reaction on litmus paper {§ 148). A yellow pre- 
cipitate of sulphide of arsenic will appear as soon as the 
alkaline solvent which kept it in solution is destroyed. 
The sulphide of arsenic differs from the sulphide of cop- 
per in that it is soluble in alkaline hydrates and sul- 
phides. 

But in tliia series of experiments copper and ai-senie 
stand as representatives of classes. The following com- 
mon elements have sulphides which are insoluble in 
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§ 8 CLASSES n AND III. 19 

water, wealc adds, and aiksiine liqioida : — -Lcaii, mercury, 
bismutb, cacbnram and copper. These elements consti- 
tute Class n in our sjstem of analysis. The following 
elements have sulphides which are insoluble in water and 
weak acide, but soluble in alkahn© liqtiids : — Ai'senic, 
antimony, tin (and the precious metals, gold and plati- 
num). These elemente constitute Class HI. If all the 
elements of both groups had been present, tlje analytical 
process for separating one class from the other would not 
have been different from that just executed. 

The question may naturally suggest itself, how it hap- 
pens that lefid and mercury are included in Class II when 
they were both precipitated in Class 1 The chloride of 
lead which is thrown down by chlorhydrio acid, is not 
wholly insoluble in water ; hence it happens that the 
lead is not completely precipitated in Class I. That por- 
tion of the lead which has escaped precipitation as chlo- 
ride in Class I, will be thrown down as sulphide in Class 
n, for the sulphide of lead is insoluble in water, weak 
acids, and alkaUes. In regard to mercury, it will be re- 
membered that there are two sorts of mercury salts, mer- 
curous salts and mercuric salts. The mercuroue chloride 
(calomel) is insoluble in water ; but the mercuric chlo- 
ride (corrosive sublimate) is soluble in water. If, there- 
fore, mercury be present in the form of some mercurous 
salt, it will be separated as chloride in Class I. If, on the 
contrary, it be present in the form of some mercuric salt, 
it will be separated in Class II as mercuric sulphide 
(HgS), for this sulphide is insoluble in water, weak acids, 
and alkaline hquids. If a mixtui'e of mercurous and 
mercm-ic salts be contained in the original solution, mer- 
cury will appear both in Class I and Class II. 

The treatment of Class II is fully discussed in Chapter 
III. The separation of Class III and tiie means of sepa- 
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rating the members of the class, each from the others, 
form the subject of Chapter IV. 

9. Definition of Class IV. "We now retura to the study 
of the filtrate from Classes II and III. Pour the Uquid 
into a small evaporating dish, and boil it gently for five 
or six minutes, to expel the sulphuretted hydrogen with 
■which the fluid is still charged. To niake sure that all 
the gas is expelled, hold a bit of white paper moistened 
Viith a Bohition of acetate of lead (§ 138) over the boiling 
liquid ; when the paper remains white, all the sulphu- 
retted hydrogen is gone. Next add to the liquid in the 
dish ten or twelve drops of strong nitric acid (§99), and 
again gently boil the liquid for three or four minutes, in 
order that all the iron present may be converted iuto fer- 
ric salts. Then pour the liquid into a test-tube, add to 
it about one-third its bulk of chloride of ammonium 
(§ 112), and finally add ammonia-water (§ 109), little by 
little, until the mixture, after being well shaken, smells 
decidedly of ammonia. A brownish red precipitate of 
hydrated sesqnioxide of iron will separate from the hquid. 
Ammonia-water precipitates this familiar iron compound, 
even in the presence of salts of ammonium, such as the chlo- 
ride of ammonium which has been expressly added, and 
the nitrate of ammonium which has been formed during 
the nenti-alization of the acid hquid. Pour the contents 
of the test-tube upon a filter, rinse the tnbe and the pre- 
cipitate once with a little water, and preserve the whole 
filtrate for subsequent operations. 

Aluminum and chi'ominm are precipitated, as iron has 
here been, by ammonia-water under the same conditions 
and in the same form, namely, as hydi-atea. These three 
elements, therefore, constitute the fourth class, whose 
treatment forms the subject of Chapter V. The student 
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may be curioiis to Iinow why the presence of ammoniuin- 
saJts is insisted upon before the olements of this class are 
thi-own down by ammonia -water. The ammonium-salts 
have nothing to do with the precipitation of iron, alumi- 
num and chromium; but by their faculty of forming solu- 
ble double salts, they prevent the partial precipitation of 
certain other elements which are more conveniently dealt 
with in claaaes which are to foRow. The ammoniiim-aalta 
keep in solution certain other elem.ents which otherwise 
would encumber Class IV. 

10. Dejiniiion of Class V. "Wo now proceed to the es- 
amination of the filtrate from the precipitate of Class IV. 
Bring this liquid to boiling in a test-tube (or in a small 
flask, if there be much liquid), and add sulphydrate of 
ammonium (§ 110), little by HfcUe, to the boiling liquid, 
as long as a precipitate continues to be formed. To make 
sure that the precipitation is complete, shake the hot con- 
tents of the test-tube strongly, and then allow the mix- 
ture to settle until theupperpoi-tionof the liquid becomes 
clear. Into this clear portion let fall a drop of sulphy- 
drate of ammonium ; when this drop produces no addi- 
tional precipitate, the precipitation is complete. Klter off 
the whitish precipitate of sulphide of zinc, and preserve 
the filtrate for further treatment. 

The element zinc, representing a new class of elements, 
is precipitated under the conditions of the above experi- 
ment, because its sulphide, though soluble in dilute acids, 
is insoluble in alltaline hquids. The metals manganese, 
nickel, and cobalt resemble zinc in this respect, and these 
four elements, therefore, form a new class. Class V, in this 
analytical method. The representative sulpliide of this 
class was not precipitated by the sulphydric acid when 
that reagent was employed to throw down the members 
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of Classes II and III, because the solution was at that 
time acid. Again, it was not precipitated with Class IV 
by the ammonia-water, because the eulphydric acid gas, 
with which the solntion had previously been charged, was 
expelled hy boiling before the ammonia- water was added. 
The complete treatment of Class T forms the subject of 
Chapter TI. 

11. Definition of Class VI. Add to the filti'ate, from 
Class V, two or three teaspoonfals of carbonate of ammo- 
niiun (§ 111), and boil the solution. A white precipitate 
of carbonate of calcium will be produced. After boiling, 
aUow the precipitate to settle until the upper portion of 
the liquid is comparatively clear. To this clarified por- 
tion add a fresh drop of carbonate of ammonium. If 
this drop produce an additional precipitate, more carbon- 
ate of ammonium must he added, and the boiling repeated. 
To the partially clarified Uquid add again a drop of car- 
bonate of ammonium. This process of making sure of 
the complete precipitation of the calcium is essentially 
the same as that prescribed in precipitating the last class, 
and is, indeed, of general application. When the pre- 
cipitation of the calcium has been proved to be complete, 
filter the whole liquid, and receive the filtrate in a small 
evaporating dish. Calcium is separated in the form of car- 
bonate under these circumstances, beca\ise this carbonate 
is almost insoluble in weak alkaline liquids, when an 
excess of carbonate of ammonium is present. The alHed 
elements barium and strontium behave in the same 
way, so that these three elements, viz., barium, strontiimi, 
and calcium, compose a new class—Class TI, whose com- 
plete treatment is set forth in Chapter VII. 

12. Definition of Glass VIZ. Of the twenty-two metallic 
elements, which were to be classified (§ 6), only three 
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remain, viz., magnesium, sodium, and potassium. It is 
obvioua that these three elements could not have remained 
in solution through all the operations to which the 
original liquid has been aubmittedj unless their chlorides 
and sulphides had been soluble in weak acids, and their 
osides, sulphides, and carbonates, soluble in dilute am- 
monia-water, at least in presence of dilute solutions of 
ammonium- Bfllte. It is a fact that all these compounds of 
sodium and potassium are soluble in water, and in weak 
acid, alkaline, and saline solutions ; the magnesium 
would have been partially precipitated in Classes IV, V, 
and VI, but for the presence of ammonium-salts in the 
solution. These three elements constitute Cla^ YII. 

Evaporate the filtrate from Class VI until it is reduced 
to one-half or one-third of its original bulk. Pour a small 
part of the evaporated filtrate into a test-tube ; add a httle 
ammonia-water and a teaspoonful of phosphate of sodium 
{§ 121), and shake the contents of the tube violently. 
Sooner or later a crystalline precipitate will appear. This 
peculiar white precipitate of phosphate of magnesium and 
ammonium identifies magnesium ; but as we have added 
a reagent containing sodium, the filtrate is useless for 
further examination, The hquid remaining in the evap- 
orating-dish is then evaporated to dryness, and moderately 
ignited until fuming ceases. All the ammoniacal salts 
which the solution contained will be driven off by this 
means, and there will remain a fixed residue, in which are 
concentrated ail the salts of magnesium and sodium 
which the original solution contained. In this case we 
have proved the presence of magnesium ; it remains to 
indicate biiefly the natm'e of the means used to detect 
sodium. 

Dissolve the residue in the dish, or a portion of it, in 
three or four drops of water. Dip a clean platinum wire 
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(§ 168) into this solution, and iiitroduco this "wire into 
the colorless flame of a gas or spii-it-Iamp {§ 163). An 
intense yellow coloration of the flame demonstrates the 
presence of sodium. A -violent coloration ■would have 
proved the presence of potassium. Magnesium com- 
pounds, when present, have no prejudicial effect on theso 
characteristic colorations. The means ot detecting each 
member of this last class in presence of the others will be 
found described in Chapter YIII. 

13. A condensed statement of the classification illus- 
trated by the foregoing experiments is contained in the 
table on the next page. All the common metallic ele- 
ments are embraced in it. The place of the precious 
metals gold and platinum is also indicated. The classifi- 
cation itself would not be essentially different, if all the 
rare elements were comprehended in it. The general 
subdivisions ■would be the same, although some of them 
■would embrace many more particulars, 

14. It ia essential to success to follow precisely the 
prescribed order in applying the various general reagents. 
Class I ■would go down with Class II, were chlorhydric 
acid forgotten as the first general reagent. Class II 
would be precipitated in part with Class IV and in part 
with Class V, if sulphuretted hydrogen should not be used 
in its proper place. A large number of the members of 
the first five classes would be precipitated as cai-bonates 
with Class "VT, were they not previously ehminated by the 
systematic application of chlorhydric acid, sulphuretted 
hydrogen, ammonia-water, and sulphide of ammonium, in 
the precise order and under the exact conditions above 
described. It should be noticed that aU the general re- 
agents are volatile substances, which can be completely 
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removed by an evaporation to drjnesa followed by a very 
moderate ignition. 

15. The series of experiments just completed is merely 
intended to demonstrate the principles in accordance with 
■which these twenty-two common elements are classified 
for the purposes of qualitative analysis. The general plan 
is here sketched. The practical details, essential to success 
in the conduct of an actual analysis, will be given here- 
after. 



CHAPTEE II. 

CLASS L CHLORIDES INSOLUBLE IN "WATER AND ACIDg, 

16. Example of the FreoipiiaHon of the Members of Class 
I. Place in a test-tube five or six drops of a tolerably 
concentrated aqueous solution of nitrate of silver, an 
ecLuai quantity of a solution of mercurous nitrate, and 
two teMpoonfuls of a solution of nitrate of lead. In 
case the solution becomes turbid through the action of 
carbonic acid dissolved in the water, pour in one or two 
drops of nitric acid to destroy the cloudiness. 

Add dilute chlorhydric acid to the solution, drop by 
drop, and shake the mixture thoroughly after each addi- 
tion of the aeid, until the fresh portions of the latter 
cease to form any precipitate on coming in contact with 
the comparatively clear liquor which floats above the ui- 
soluble chlorides. Pinally add three or four more drops 
of the acid to insure the presejice of an excess of it in 
the solution. 
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17. Analysis of the Mixed Chlorides. The lollowing 
method of separating the cMoridea of lead, silver, and 
mercury, one from another, depends upon the facts : — Isfc. 
That chloi-ide of lestd, thoiigh but little soluble in cold 
water, dissolves readily in boiling water, whUe chloride of 
silver and subchlorlde of mercury are as good as insoluble 
in that liquid. 2d. That chloride of silver is soluble in 
ammonia-water ; and 3d. That siibchloride of mercury is 
discolored by ammonia-wafcer without dissolving. 

To effect the separation : — Collect the precipitate, pro- 
duced by chlorhydric acid, upon a filter, allow it to di-ain, 
and rinse it with a few drops of cold water. Place a 
clean teai-tube beneath the funnel wliich contains the 
filter and precipitate, thrust a glass rod through the apex 
of the filter, and wash the precipitate off the filter into 
the test-tube by means of a wash-bottle which throws a 
fine stream. 

Heat the mixture of water and precipitate to boiling, 
pour the hot liquor, hxA not the precipitate, upon a new 
filter, and add to the filtrate two or tliree teaspoonfule of 
dilute sulphuric acid (§ 103). A white cloud of sul- 
phate of lead will be formed in the midst of the ^^^-^ 
liquid. In case the precipitate contains a large <™ 
proportion of chloride of lead, it may happen that 
the hot water will take up so much of it that crystals of 
the chloride will separate from the clear aqueous solution 
aa it becomes cold, or that the liquor will be rendered 
cloudy by the deposition of numerous small particles of 
the chloride. 

After the mixed precipitate of chloride of silver and 
subehloride of mercury which was left in tlie test-tube 
has been boiled several times with fresh water, in order 
to insure the removal of lill the chloride of lead, transfer 
the whole precipitate to the filter of the last paragraph. 
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and pour some ammonia-water -which has been heated in 
anotker test-tube, directly upon the white precipitate as it 
hes on the filter, placing a clean test-tab© beneath the 
fmmel. The chloride oi silver, dissolved by the ammonia- 
■water, will ps^ into the filtrate, while the enbchloride of 
mei-cory suffers decomposition, and is converted into an 
obscure compound of mercury, chlorine, nitrogen, EUid 
hydrogen, ■which remains upon the filter in the form of 
an insoluble black or gray po-wder. 

To confirm the presence of silver, neutralize the am- 
moniacal solution with dilute nitric acid (§ 100), and ob- 
serve that the chloride of silver is reprecipitated. 

To confirm the presence of mercury, the metal itself 
may be set free hy heating the dry residue 'with caJ'bonate 
of sodium (§ 118) in a glass tube. To insure the success 
of this experiment, 'wash into the lowest point of the 
filter the ■whole of the black residue, including those por- 
tions which have remained adhering to the sides of the 
test-tube. As soon as the last drops of liquid have 
di-ainod from the filter, dry the latter, either in a dish 
upon a water-bath, or by spreading it open upon a ring of 
the iron stand (§ 165) placed high above a smaU flame of 
the gas-lamp. When the precipitate is completely dry, 

Teat scrape it from the paper, mix it with an equal 
Tor bulk of carbonate of sodium, previously dried over 
*' the gas-lamp on platinum foil (§ 168), and transfer 
the mixture to the bottom of a glass tube, No, 6 (§ 171), 
closed at one end. Then wipe out the inside of the t\ibe 
with a tuft of cotton fixed to a wu'C, or -with a twisted strip 
of paper, and heat tiie closed end of the tube for two or 
three minutes in the flame of a gas-lamp. A sublimate of 
finely divided metalKo mercury will form upon the walls 
of the tube ; the metal ■will cohere to visible globule^ 
when scratched vdih a piece of iron wire. 
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18. An outline of the operations described in tlie fore- 
going paragraphs may be presented in tabiilar form, aa 
follows :— 



PbClj goes into 
Bolution. Con- 
dim presence of 
lead by preoipi- 
totion of bqI- 
pluite of lend. 



11 undissolved, Oa treat- 



AgCl disBolTeB. 
Confirm preseaci 
of silver with nitrii 



A blaot compound of mer- 
oary remains nndissolvei 
Confirm presenoo of mercu- 
ry by isolating the metal. 



CHAPTER III. 

CLASS n. SULPHIDES INSOLUBLE IN WATER, DILUTE 
ACIDS, AND AL1LALIE3. 

19. Example of the PrecipUation of the Members of Glass 
11. Place in a small beaker six or eight drops of a strong 
solution of each of the following substances : — Chloride of 
mercury (corrosive sublimate), chloride or nitrate of bis- 
muth, of cadmium, and of copper, together with two or 
three teaspoonfuls of a cold aqueous solution of chloride 
of lead. Fill the beaker half fuH of water, and add, drop 
by drop, enough strong chlorhydric acid to redissolve the 
basic chloride of bismuth -which the water precipitates. 

Place the beaker beneath a chimney or in a strong 
draught of air, and saturate the solution with sulphuretted 
hydrogen gas. To determine when enough sulphuretted 
hydrogen has been passed thi'ough the liquid, remove the 
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beaker every four or five minutes ffora the source of the 
gae, blow away the gas which Kes in the bealcer above the 
liquid, and stir the latter thoroughly with a glass rod. If 
after the lapse of two or three minutes, the liquid still 
emells strongly of sulphuretted hydrogen, it is saturated 
■with the gas and. ready to be filtered. But in case no 
persistent odor of sulphuretted hydrogen is observed, the 
gas must be passed anew through the liquor until it has 
become fully saturated. Since some of the aubatancea 
above enumerated are thi-own down more quickly by sul- 
plmrotted hydrogen than the others, it is absolutely 
necessary to employ the reagent in excess in order that 
those members of the class which are least easily precipi- 
tated may not escape detection. 

20. Analysis of the Mixed Sulphides- The following 
method of separating the members of Class H depends 
upon the facts : — 1st. That mercuric sulphide is insoluble 
in dilute nitric acid, while the other sulphides are soluble 
therein, 2d. That sidphate of lead ia insoluble in acidu- 
lated water, while the sulphates of the other members of the 
cla^ are soluble. 3d. That hydrate of bismuth is insolu- 
ble in ammonia-water, while the hydrates of cadmium and 
copper ai-e soluble in that liquid. 4th. That sulphide of 
cadmium is soluble, and sulphide of copper raaoluble, in 
hot dilute sulphuric acid. 

To effect the separation : — Collect the precipitated snl- 
phides upon a filter ; wash the precipitate thoroughly with 
water, in order to completely remove the chlorhydrie acid 
which adheres to it ; make a hole in the filter, and rinse 
the precipitate into a small porcelain dish. Carefully de- 
cant the water from the precipitate, pour upon the lat- 
ter four or five times as much dilute nitric acid as would 
be suflicient to cover it, and boil the mixture during five 
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minuteSj stii-ring it constantly with a glaas rod, and adding 
dilute nitric acid at; intervals to replace the liquid which 
evaporates. A heavy dark masa of sulphide of mercury, 
mixed with some free sulphur resulting from the decom- 
position of the other sulphides, ■wiU. remain undissolved. 
Decant the nitric acid solution into a filter, collect the fil- 
trate in a second porcelain dish, and evaporate it nearly 
to dryness. 

Pour water upon the residue insoluble in nitric acid 
which was left in the first dish, to remove the adheiing 
liquid, and after this wash-water has been decanted, boil 
the residue with as much aqua regia (| 101) as will bare- 
ly cover it. Dilute the acid solution with an equal vol- 
Time of water, remove fi'om it, by filtration or otherwise, 
any particles of free sulphur which may remain undis- 
solved, and add to it almost, but not quite, enough am- 
monia-water to neutrahze its acidity. Place in the still 
elighUy acid solution a small bit of bright copper wire, 
warm the liquor, and observe that metallic mercury is de- 
posited upon the copper as a white silvery coating. ^^^ 
After the lapse of ten or fifteen minutes, dry the fur 
wire upon blotting paper, drop it into a narrow "*" 
glass tube which has been sealed at one end, and heat it 
&t the lamp. Metallic mercury will sublime, and be de- 
posited as a dull mirror upon the cold portions of the 
glass. By scratching the sublimate with the point of a 
bit of iron wire, the metal may be made to collect into 
visible globules. 

"When the greater part of the free nitric acid has been 
driven off from the filtrate which contains the mised ni- 
trates of lead, bismuth, cadmium and copper, transfer the 
residual liquor to a test-tube, mix it with two or three 
times its volume of dilute sulphuric acid, and leave the 
mixtixre at rest during fifteen or twenty minutes. Sul- 
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phate of leaij ■will be thrown down as a heavy white pow- 
der, plainly to be seen in the test-tube, though it would 
have been scarcely visible in the white dish. 

To confirm the presence of lead, collect the pi'ecipitate 
upon a filter, wash it with water, transfer it to a test-tube, 
pour upon it two or three times it-s volume of a solution 
of normal chromate of potassium (§ 124), and heat the 
misture to boiling. The white sulphate of lead will be 
converted into yellow chromate of lead, without dissol- 
ving, and the characteristic coloi' of the latter may be 
made manifest by collecting it upon a filter, and washing 
it with water until the excess of chromate of potassium 
has been completely removed. 

Collect the filtrate from the sulphate of lead in a small 
beaker, and add to it ammonia-water by repeated small 
portions, taking care to stir the liquid thoroughly after 
each addition of the ammonia, until a strong persistent 
odor of the latter is perceptible. The hydrates of copper, 
cadmium, and bismuth, will all be thrown down at first, 
but the hydrates of copper and cadmium wUl redissolve m 
the excess of ammonia-water, and hydrate of bismuth will 
alone be left as an insoluble precipitate. 

To prove that this precipitate contams bismuth : — Col- 
lect ifcupon a filter, allow it to drain, and dissolve it in the 
smallest possible quantity of strong chlorhydrie acid, 
poured drop by drop upon the sides of the filter ; care- 
j^j luUy evaporate the acid solution to the bulk of 
for two or three drops and pour it into a lai'ge test- 
^'- tube nearly full of water. A dense milky cloud of 
insoluble basic chloride of bismuth vriU appear in the 
water. Since sulphate of lead is not absolutely insoluble 
in water which contains nitric acid, a s%ht precipitate of 
hydrate of lead might be produced on the addition ot the 
ammonia-water even when no bismuth was present in the 
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solution. To prove tlio presence of bismuth, the oxyclilo- 
ride must always be carefully tested for. 

The blue color of the ammoniaoal filtrate from the hydrate 
of bismuth indicates the presence of copper, and when well 
defined is of itself a sufficient proof of the presence of this 
element. But in the absence of a marked blue coloration 
at this stage, copper should be specially tested for in the 
manner described below. 

To separate the cadmium from the copper, proceed as 
follows :^Ti'ansfer the ammoniacal filtrate to a glass flask, 
beat it to boiiing, and. drop into the boihng liquid sulphy- 
drate of ammonium as long as a precipitate continues to 
be formed. In order to be sure that tlie precipitation ia 
complete, remove the flask from the lamp at intervals, 
shake it strongly, and allow its contents to settle, so that 
a comparatively clear liquid may appear at the top, and 
into this clear Hciiiid pour a drop of the sulphydrate. 

As a general rule, the operations of boiling and agi- 
tating tend to increase the coherency of precipitates, and 
to render them in some sense granular, so that they sepa- 
rate completely from the liquid in which they form, leav- 
ing it clear and susceptible of rapid fllti-ation. 

Collect the precipitate upon a filter, rinse it onco 
or twice with water, and allow it to drain ; then open 
the filter on a plate of glass, scrape the precipitate off 
the paper and put it in a porcelain dish. Prepare a 
dilute sidphuric acid by mixing 1 part by measure of 
the strong acid {§ 103), with 5 parts of water. Cover 
the precipitate in the dish liberally with this dilute 
acid, and heat the mixture until it actually boUe ; then 
pour the boiling liquor upon a fllter, and collect the 
clear flltrate in a beaker. Sulphide of cadmium alone 
will dissolve in hot dilute acid of the prescribed strength, 
the black sulphide of copper remaining intact. 
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To prove the presence of cadmium, pa^ aulphuretted 
pj^st hydrogen gas into the acid filtrate, and observe 
for that the liquor immediately becomea cloudy from 
' ■** the presence of minute particles of sulphide of 
cadmium of characteristic yellow color. After some time 
this precipitate vrill collect at the bottom of the hqiiid. 

To prove the presence of copper, in case no blue colora- 
tion was visible in the filtrate from the hydrate of bismuth, 
transfer the black precipitate, insoluble in dilute atdphu- 
ric acid, to an evaporating dish, dissolve it in a few drops 
of boiling, concentrated nitric acid, remove and wash tho 
the spongy mass of sulphur which is set free, neutrahze 
the nitric acid with ammonia-water, acidify the solution 
with acetic acid (§ 105), transfer it to a test-tube, and add 
one or two drops of a solution of ferroeyanide of potas- 
ji^j aium (§ 125). A peculiar reddish-brown precipi- 
tac tate of ferroeyanide of copper will fall in case 
*"• much copper be present, and even when the pro- 
portion of copper in the solution ia extremely small, a light 
brownish-red cloudiness will be produced. 

In the absence of copper, yellow sulphide of cadmium 
would at once be thrown down by the sulphydrate of am- 
monium, when this reagent is added to the filtrate from 
the oxide of bismuth; and no further evidence of the pres- 
ence of cadmium would be required. 

21, The operations above described may bo presented 
in tabular form, as follows : — 
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The General Beagent (HjS) of Clasa II precipi 
05S, and CqS (ss well SB memberB of CluBS lii; 
BBparated l)y solution iii sulphydrato of eodi 



i). Theprecijiifateiaboilea 



Coitfinn preB. 
eoppar wire. 



The snlphatjs of Bi, Cct, and Cu n 
io solution. On adding an excess oi 



Confirm Bi by 
precipitating 
the oxyoMo- 



Compounds of Cd and of Cu 
remain in solution. Throw 
down CdS and CuS with 
(NH4) HS, and boil with di- 
lute Gulphuiic acid: — 



ofcSby 



CuS remains 
undissolved. 
Confirm pre&- 
enee of Cu by 
testily with 

ferrocyanido 
of potassium. 



22. The method of Separating Ctatis I from Class II has 
already been particularly deeci'ibed in § 6. It sliould bo 
observed, however, that even if no member of Class I 
1 the mixture to be analyzed, it would sfciU 
y to acidulate the liquid with chlorhydric acid, 
before passing the sulphuretted hydrogen, in order to 
prevent the precipitation of members of Classes IV and V, 
and to secure the complete precipitation of the members 
of Class m. 

The liquid should be watched attentively when the 
stream of sulphuretted hydrogen first begins to flow 
through it, since useful inferences may often be drawn 
from the various phenomena which present themselves. 

a. Thus, the formation of a white precipitate which 
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afterward changes to yellow, orange, brownish-red, and 
finally to black, aa the liqiiid gradually becomes saturated 
with the gas, indicates the presence of mercm-jc chloride. 
The white precipitate at first formed is a compound of 
chloride and sulphide of mercury (HgCl,; 2HgS), but by 
the action of successive portions of sulphuretted hydro- 
gen, the composition and appeai'ance of the precipitate is 
changed, until it has been completely converted into 
black sulphide of mercury. 

6. If the precipitate is of a dull red color at first, after- 
ward changing to blaclc, the probable presence of lead is 
indicated ; for sulphui'etted hydrogen throws down from 
solutions which contain much free chlorhydric acid a red 
compound of chloride of lead and sulphide of lead, which 
is afterwai'd decomposed, with formation of the blaclc sul- 
phide, when the solution becomes satui-ated with the gas. 

c. A decided bright yellow precipitate would indicate 
the presence of cadmium, arsenic, or tin ; of these three, 
cadmium is distinguished by the fact that its sulphide re- 
mains undissolved when the precipitate is ti'eated with 
sulphydrate of sodium to separate the members of Glass 
IIL 

But even from solutions which contain no members of 
Classes II or HI, yellowish-white or milky-white precip- 
itates of free sulphur are often thrown down ; for eiil- 
phurettod hydrogen is easily decomposed, with deposi- 
tion of sulphur, by a variety of oxidizing agents, such as 
nitric, chromic, and chloric acids, and solutions of ferric 
salts and of free chlorine. If the solution under examin- 
ation contained much nitric acid, sulphuretted hydrogen 
would have to be passed through it for a long time to de- 
stroy the acid, before the Uqnid could be saturated with 
the gas. In this case the sulphur separates as a tenacious 
mass of dh-ty yellow color ; but in most instances, notably 



I .y Google 



22 ntEciPiTATioN OF snu?ii0K. 37 



vrhea the solution contains a ferric aalt, tlie aulphur is 
precipitated ia the form of exceeclingly raiante particles, 
which impart to the solution a peculiar milldneea or opa,- 
leacenoe. These particles are so fine that they pass through 
the pores of filter paper ; they cannot be completely re- 
moved by filti'ation. 

If the original solution contains a chromate, its yellow 
or reddish-yellow color mil be changed to gi'een by tlie 
action of sulphuretted hydrogen ; for the cliromate is 
reduced to the condition of sesquicbloride of chromium : — 

2MCrO^-l-10HCl+3H,S=OrjCle-f3S+2MCIj-|-8H2O. 

The sulphur is set free in the form of the minute white 
particles above described, and remains suspended in the 
green Uquid, loolcing not unlike a green precipitate. 

A ■white precipitate of sulphur would be thrown down 
even before the passage of aulphin-etted hydrogen, in case 
the original solution contained a hyposulphite ; for this 
class of salts is decomposed, with evolution of sidphurous 
acid and deposition of sulphur, on the addition of tlie 
general reagent (HCl) of Class I. Some sulphides also 
ai'e decomposed by chlorhydric acid, with deposition of 
sulphur. A gelatinous white precipitate of hydrated 
sUicic acid might also be formed at this stage in certain 
circumstances, as wiU be explained hereafter (§§ 67, 80, a), 

d. The immediate formation of a black precipitate in- 
dicates the presence of copper or bismuth, and it is to be 
observed that either of these black precipitates would ob- 
scure the colors of the other sulphides of the class, and 
conceal them if present. 

e. If no precipitate appears even when the liquid has 
become saturated with the gas, the absence of every 
member of Classes 11 and III is, of course, to bo inloiTcd. 
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23, Example of the PrecipUation of the Members of Class 
III. Place ill a small beaker six or eight di'ops of strong 
aolutiona of the chlorides of arsenic, antimony, and tin. 
PouiT in enough dilute chlorhydric acid to half fill the 
beaker, and, if need be, a sufficient number of drops of 
strong chlorhydiic acid to dissolve any cloud of basic 
chloride of antimony which may appear in the liquor. 

Pass sulphuretted hydrogen gas through the solution, 
in the manner described in § 19, until the odor of the gas 
persists. Then collect the precipitated sulphides upon a 
filter, and rinse the precipitate once or twice with water. 

In the analysis of any complex solution of unknown 
composition which might contain one or all of the mem- 
bers of Class III, the sulphides of this class would, of 
course, all be throT.'ii down at the same time as those of 
Class IL (Compare §§ 8, 21.) It wiH be well, therefore, 
for the sake of illustration, for the student to dissolve the 
present precipitate in sulphydrate of sodium, in order 
that he may begin the treatment of Class III at the pre- 
cise point at which this class would be encountered in an 
actual analysis — namely, with the sulphides of the class 
in alkaline solution. To this end, allow the washed pre- 
cipitate to drain, spread out the filter upon a plate of 
glass, scrape the precipitate from the paper with a amaH 
spatula of platinum, horn, or wood, and transfer it to a 
porcelain dish. Pour upon the precipitate two or three 
times as much of a solution of .sulphydrate of sodium as 
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■would be sufficient to cover it, and boil the mixture very 
cautiously, so as to avoid spattering. The pi-ecipitato 
will soon dissolve, and no solid matter will be left aua- 
pended in the solution, except a few fibres of the filter 
paper. It is such a solution aa this which in an actual 
analysis is examined for members of Class HI. 

Pour the alkaline solution into a beaker, and stir into 
it, little by little, dilute cMorhydric acid until the liquid 
exhibits an acid reaction. The sulphides of arsenic, anti- 
mony and tin, are re-precipitated, as such, together with 
a quantity of sulphur derived from the decomposition of 
the snlphjdrate of sodium. 

24. Analysis of the Mixed Sulphides. The method hero 
given of separating arsenic, antimony and tin, depends :— 
1st. Upon the solubility of sulphide of arsenic in a dilute 
aqueous solution of carbonate of ammonium, and the in- 
solubility, or Tery slight solubility of the sulphides of anid- 
mony and tin in that liquid ; 2d. XIpon the oxidation of 
the sulphides of antimony and tin by fusion with nitrate of 
sodium ; 3d. Upon the reduction of the compounds thus 
formed to the metaUie state by zinc ; 4th. Upon the solu- 
bihty of tin in chlorhydrie acid. 

To effect the separation : — Collect upon a filter tlie pre- 
cipitate produced by acidifying the etilphydrate of sodium 
solution, ■WQ^ it with water to remove the acid and the 
chloride of sodium which adhere to it, and allow it to 
drain. Spread out the filter in a small porcelain dish, 
and cover its contents with a dilute aqueous solution of 
carbonate of ammonium — obtained by dissolving 1 part 
of the solid carbonate in 12 parts of water, or by mixing 
one volume of the strong solution (§ 111) employed a« 
the general reagent of Class VI, with two volumes of 
water— and stir the mixtiu-e. After the lapse of four or 
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five rahiutes, pour the carbonate of ammonium solution 
upon a new filter, collect the filtrate in a beaker, and stir 
into it successiye drops of dilute chlorhydric acid- — tak- 
ing care to add no more than a single drop of the acid afi 
any one time — until cai'bonie acid ceases to escape, and 
the liquid eshibita a strong acid reaction ■when tested 
with litmus paper. A bright-yellow precipitate of snlphide 
of arsenic will separate immediately from the acid liquor, 
in case much arsenic is present ; or a yellow cloudiness 
wiU appear at first, if the quantity of arsenic in the solu- 
tion be minute. In the latter case the mistiure must be 
left at rest for some hours, in order that distinct yellow 
flocks of the sulphide may collect at the bottom of the 
vessel 

To confirm the presence of arsenic: — Collect the precipi- 
tated sulphide upon a filter, dry it thoroughly at a gentle 
heat, scrape it from the paper, place it in a narrow glass 
tube which has been blown to a bulb at one end (see | 
175), and cover it with five or sis times its bulk of a per- 
fectly dry mixture of equal parts of carbonate of sodium 
j^j and cyanide of potassium (§ 127), The bulb of 
for the tube must be large enough to hold twice as 
■*"■ much of the mistui'e as is really to he placed in it, 
in order that there may be room for the mass to swell 
when it is heated and fused. After tho bulb has been 
charged, wipe out the inside of the tube with a tuft of cot- 
ton fixed to a wire, or with a twisted strip of paper, and 
heat the contents of the bulb during two or three minutes 
in the fiame of a gae-lamp. A dai'li, lustrous ring of me- 
talhc arsenic will be deposited upon the cold walls of the 
tube. 

The mixed precipitate of sulphide of antimony and suv- 
phide of tin, insoluble in carbonate of ammonium, is 
treated as follows i — Scrape and wash all the precipitate 
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off the paper into th.e dish, and add & teaspoonfnl of 
strong nitric acid. Evaporate tlie mixture to the buUr of 
a teaapoonful without heeding the mass of sulphnr which 
separates ; then add to it two or tbi'ee teaspoonfuls of a 
sti'ong solution of niti'ate of sodium {§ 120), and evapor- 
ate the mixture to dryness with constant stirring. Heat 
the dry mass imtil it fuses. When the dish has become 
cold, fill it half full of cold water ; when the water has 
softened the cake of fused salts, stir the contents of tho 
dish, break up the lumjis, and finally filter the insoluble 
tin and antimony compounds from the soluble nitrates 
which the water lias taken up. This insoluble residue 
must next be placed in a porcelain dish in contact with 
a slip of clean, smooth, platinum foil, and heated with 
a httle cldorhydric acid. "Water is then added, and a 
email fragment of zinc is put into the hquid. Tin and 
antimony will be reduced to the metaUie state by the 
zinc It is found that a part of the reduced anti- ,^^ 
mony attaches iteelf firmly to the platinum foil, ftr 
producing a very characteristic black stain upon *"*• 
the bright surface of the foil. Tin produces no such ef- 
fect. As soon as the hydrogen has ceased, or nearly 
ceased, to escape from the liquid, the solution, which con- 
sists of chloride of zinc, is carefully poured off. The residue, 
together with the remnant of zinc if any tin adhere to it, 
is warmed with strong chlorhydric acid, in which the tin 
dissolves. Pour off this solution of protoohloride of tin, 
and add to it two or three drops of a solution of ^est 
mercuric chloi-ide (con-osive sublimate) (§ 145). f>i 
A white or gi'ay precipitate of mercuroiis chloride *"■ 
(calomel), often mixed with gray metallic mercury will be 
thrown down, for : — 

SHgClg-l-SnClj^aHgCl+SnCl,; and 
2HgC14-SnCls=2Hg-|-SnCl^. 
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To prove tliat tlie precipitate really contains calomel, 
decant the supornatant liqmd, cover the precipitate with 
ammonia-water, and heat themisture to boiling (compare 
p. 28). 

The black stain upon platinum is a trustworthy indica- 
tion of the presence of antimony ; but a verification of its 
presence may be readily obtained by the foUowing pro- 
cess :— Wash the residue from the tin solation thoroughly 
by decaniation, and warm it for a quarter of an hour with 
a solution of tartaric acid (§ 106), adding a few drops of 
nitric acid towards the close of the digestion. Care must 
be taken not to heat any part of the dish so hot as to biirn 
or blaclien the tartaric add. 

Antimony dissolves in this tartai-ic acid solution ; its 
presence may be proved by passing sulphuretted hydro- 
gen through the decanted solution. An orange-red-colored 
precipitate of sulphide of antimony will be sooner or later 
thrown down. 

25. An outline of the foregoing operations may be re- 
presented in tabular form, as follows : — 



The Generta Keagent (HaS) of GkBs III precipitates AbbSj, 
SbeSj, (md SnS or ScSj, [AujSj and Pttij]. (As well as tka 
meiabeis of Claas n, from whicli Class III is Bepnrated by solu- 
tioa ia siilpliydrftte of eodium and repreuipitation with, lui aoid. ) 
Digest the precipitate, thrown down by aoia from the aulphydrate 
of sodium, solution, in a weak Kolutioa of oarbonafa of ammonium ; 



solation with HOI 
Confirm presonce of 
Ab by redaeing AkjSj 
withNiiiOOa + KON 



Sb S SnS an 
I main nnd sol 
f with NaKO treat fnsed salts with 
H O 

i. d th US lable residue with zinc 
a d 111 te J n presence of platiaiim 
J 1 Sb X 1 ted on the foil. Twnt 
m tdl d thHCL Su cJisaolvea ; 

Its pieseuee in proved by HgOlj. Sb is 
t'len dissolved in tiirtnrie acid, andrepre- 
Gipitated as orange Sb^Sa- 
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Under some circumstances, acids fail to reprecipitate 
completely the aolpMdcs which are dissolved in sulphy- 
drate of sodium. This diflScolty is particularly likely to 
occur when tin is preasiit. It may be avoided by modi- 
fying the aboYO process, a& follows : add strong nitiic 
acid to the sulphydi-afce of sodium solution to acid reaction, 
and without regard to the precipitate which separates, 
evaporate the acid mixture to tlie bulfe of one or two 
teaapooiifuls. Then add three or four teaspoonfuls of 
a strong solution of nitrate of sodium, evaporate to 
dryness with constant stirring, and heat the mass until 
it fuses. Let the dish cool, and then soak the fused salts 
in three or four teaspoonfuls of cold water, until they 
soften and in pai-i dissolve. Break up the lumps, stir re- 
peatedly, and finally filter. Arseniate of sodium, together 
with some nitrate and sulphate of sodium, passes into so- 
lution, while the antimony and tin are to be found in the 
insoluble residue. This residue is eitamined for these two 
metals precisely as above described (§ 24, p. 41). 

The aqueous solution is tested for arsenic as follows : 
Acidulate the solution faintly with nitric acid, and warm 
it ; then add a few drops of a prepared solution of sul- 
phate of magnesium and chloride of ammonium j^^ 
(§ 139), and set the mixture aside for twelve f"'' 
horn's. The formation of a white, crystalline pre- 
cipitate of arseniate of ammonimn and magnesium is 
evidence of the presence of ai'senic. Any precipitate 
supposed to contaui arsenic or antimony may be furtlier 
examined by converting the arsenic or antimony into a 
hydrogen compound, by the metliod known as Marsh's 
test (see the authors' Manual of Inorganic Chemistry, 
pp. 259, 270). This method is applicable to the detection 
of very minute quantities of arsenic or antimony. 

In the case of mixtures containing gold and platinum 
(see § 13), as well as ai'senic, antimony, and tin, the 
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gold aud platinum would remain with the tin, without 
interfering in any way with the separation or detection of 
either member of the class. Since the sulphides of gold 
and platinum are both blact, while those of arsenic and 
tin are yellow or brown, and that of antimony is orange, 
the presence of any considerable quantity of either of the 
precious metals would be indicated by the black color of 
the class-precipitate. There are excellent special tests 
both for gold and platinum, by which these elements may 
be detected even in the presence of all the other metals. 
Hence it is most convenient to m.ake special search for 
them in the original substance, by methods to be de- 
scribed hereafter (§ 92 b), whenever the preliminary ex- 
amination has given reason to suspect tlie presence of 
either of them. 

26. The Method of Separoting Glass II from Clans III 
has been sufBciently described in §§ 8, 23. Attention 
should be paid to the color of the precipitate produced 
when the sulphydrate of sodium solution is acidified, 
although the color of this precipitate is obscured by the 
whitish mass of sulphur derived from the decomposition 
of the sulphydrate of sodium itself. 

An orange-colored precipitate indicates the presence of 
antimony ; 

A bright yellow precipitate, the presence of arsenic ; 

A dull yellow precipitate, white at first, the presence of 
bisulphide of tin ; and 

A dark brown precipitate, the presence of protosulphide 
of tin. 

A black precipitate might indicate the presence of gold 
or platinum, or might be due to the presence of the 
sulphide of mercury or of copper ; for both these sulph- 
ides ai'e somewhat soluble in sulphydrate of sodium in 
presence of the sulphides of Class m. (Compfire § 43.) 
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Gold and platinani muat be spoeially sought for according 
to the methods set forth in § 92 b. 

These colorations are valuable only in so far as they 
afford OTidenee of the presence of some one member of 
the class ; they by no means prove the absence of the 
other members. 



CHAPTER V. 



27. The leading fact upon which the separation of this 
class is based is the insolubility of the hydrates of iron, 
aluminum and chromium in ammonia-water, even in 
presence of solutions of ammonium-salts. But these 
three hydrates are not the only substances which are 
liable to be precipitated in an actual analysis when am- 
monia-water is added in excess to a solution previously 
acid. There are a number of salts, soluble in acids, but 
not in water or in weak alkaline Uquids, which are thrown 
down as salts, without change, when their acid solvent is 
destroyed. 

It is clear that it is needless to provide in this place 
against the presence of sach salts of elements belonging 
to Glasses I, II, and III, Those elements are already 
eliminated when the fourth class is talcen in hand. But 
if there are any salts of elements belonging to the fourth 
and higher classes which can only be kept in solution by 
a ftee acid, they will be precipitated without change in 
consequence of the neutralization of their solvent by the 
ammonia-water added to jtrccipitate the three hydrates 
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above mGiitioned. Such salts are tlie phosphates of 
several members of Classes IV, VI, and "Vll, besitlea a 
number of oxalates, borates, silicates, and fiuoridea, which 
occur so seldom that they need not be particularly con- 
sidered in an elementary treatise. Beside the phosphates, 
several chromites and Ruminates of members of Classes 
VI and Vii are insoluble in ammonia-water, and are often 
thrown down wholly or in part along with the legitimate 
members of Class IV. Manganese aJso (a member of 
Class V) is frequently precipitated in combination with 
members of Class IV in the form of ehromite, ferriSe or 
alttminate of manganese. The general scheme for tlie ex- 
amination of Class rV necessarily provides for the detec- 
tion of all the members of the class in the possible pres- 
ence of these extraneous substances. 

23. Example of the FrecipiMion with Awmio-ndurwater. 
Pour into a beaker six or eight drops of aqiieous solu- 
tions of sulphate of manganese, common alnm, and 
chrome-alum, and two or three drops of a solution ol 
sulphate of iron (copperas). Dissolve in a few drops of 
strong boiling eMorhydric acid as much bone-ash as could 
be held on half a pea, and add the solution to those al- 
ready placed in the beaker. 

Fill the beaker about one-third full of water, heat the 
mixture to boiling, and add to it two or three drops of 
strong nitric acid to convert the iron into sescLUioxide. 
Then add, little by little, aniraonia-water to the boiling 
Hqtior until a distinct odor of ammonia is perceptible 
after the mixture has been thoroughly stirred. 

29. Analysis of the Mixed PrecipUaie. The following 
method of detecting iron, chi-omium, aluminum (and 
manganese) in the mixed precipitate which may contain 
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all of them, together with phosphates and other com- 
pounds of barium, strontium, calcium and magnesium, 
depends : — 1st, Upon the apariog soltibihty of the oxal- 
ates of barium, strontium, calcium and magnesium in 
water acidulated with oxalic acid, and upon the ready 
eoluhihty of ferric oxide and the oxides of chromium, 
aluminum and manganese in that liquid. 2d, Upon the 
fact that Prussian blue is formed when a solution of ferro- 
cyanide of potassium is added to the solution of a ferric 
salt. 3d, Upon the couTeraion of the oxide of manganese, 
chromium, or aluminum into manganate, chromate, or 
aluminato of sodium (or potassium), when fused with a 
mixture of carbonate of sodium and saltpetre ; and the 
facts that manganate of sodium has a peculiar green, and 
chromate of sodium a pecidiar yellow color. 4th, That 
chromate of lead is thrown down as a bright yeUow pow- 
der when the solution of the chromate of an alkali-metal 
is added to one of acetate of lead. 5th, That hydrate of 
aluminum may be isolated in the state of a pecuUajr floc- 
culent precipitate. 

The details of the treatment of the precipitate pro- 
duced by ammonia- water, are as follows : — CoUect the 
precipitate upon a filter, wash it two or three times with 
water, transfer it with a spatula to a porcelain dish, pour 
into the dish twice as much of an aqueous solution of 
oxalic acid {§ 104) as would be sufficient to cover the pre- 
cipitate, and boil the mixture during foui- or five minutes, 
taking care to add, little by Uttle, water enough to replace 
that lost by evaporation. At last pour into the boiling 
solution half its own volume of water, allow the mixture 
to become cold, collect upon a filter the insoluble oxalates 
{of members of Classes VI and VII) which have been 
deposited, wash them thoroughly with water, dry the 
filter and its contents, and preserve tliem for future ex- 
amination iu connection with Class YI. (See § 30.) 
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TriiRsfer a small portion of the filtrate to a teat-tube, 
mis witli a few drops of dilute sulphuric acid, and add a 
drop of a solution of ferrocyanide of pot^sium. The 
liquid will immediately become colored with Prussian 
blue. 

Evaporate the rest of the filtrate to dryness in a porce- 
lain dish, taltipg care to stir the liquid constantly, so that 
none of the material shall be thrown out of the dish and 
lost by tvunultuoua boiling, and ignite tlie residue to de- 
stroy the oxalic acid. Take out a few grains of the resi- 
due, boil them in a little strong clilorhydi'ie acid, then 
dilute with water, and add a drop or two of ferrocyanide 
of potassium to the solution. A. blue precipitate falls, 
g^j which is a somewhat more emphatic proof of the 
tor presence of iron than the blue coloration above 
*'^' described. In case much iron be present, the 
bluo color may be too deep to be recognized until a large 
quantity of water has been poured into tho tubo. When 
the dish has become cold, cover the residue with two or 
three times its built of a dry mixture of equal parts of 
carbonate of sodium and nitrate of potassium (§ 128). 
Rub the materials together strongly with the linger, 
transfer the mixture to a piece of platinum foil, and fuse 
it thoroughly in a strong oxidizing blow-pipe flame (§167). 
In case the quantity of material be large, it may be fused 
in a platinum crucible at the blast-lamp, or upon the foil, 
as before, in several successive portions. 

If only a manganese compound, and no chromium, had 
been fused upon the foil, the cold mass would have ex- 
hibited the peculiar bluish-green color of manganate of 
sodium. If only chromium, had been present, the bright 
yellow color of chromate of sodium would have been 
clearly perceived. But from mixtures of the manganate 
and chromato of sodium, in various proportions, different 
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shades of green, brown-green, or yellow-green, will result. 
"When iron ia present, the red color of its oxide may ob- 
scure the colors due to manganese and chromium. 

Place the plaiiiium foil in a porcelain dish, cover it with 
water, and boil the latter until all the soluble matter has 
been diasolTed from the foil. Take out the clean foil, and 
throw the contents of the dish upon a filter. The insoluble 
oxides of iron and manganese remain upon the filter, while 
the ehromate and aluminate of sodium pass into the fil- 
trate, which is colored yellow by the chromium salt. 

Wash the insoluble residue with water, allow it to 
drain, and then fuse a small quantity of it with twice ila 
bulk of a mixture of carbonate of sodium and nitrate of 
pott^sium upon platinum foil in the oxidizing blow-pipe 
fiame. The peculiar bluish-green coloration of ipggt 
manganate of sodium will appear in the fused for 
mass, as soon as it has become cold, pai'ticularly at "' 
the edges and thinner portions. In thus testing for man- 
ganese, it ia well to inclme the foil, fo that portions of 
the thoroughly melted ma^i may flow away from the 
centre of the mixture into thin sheets, in order that the 
color of the manganate miy be exhibited in its purity. 

Eetum now to the filtrate fiom this insoluble residue. 
Divide it into two portions. Caiefully add acetic acid, 
drop by drop, to one portion of the filtrate until the 
liquor exhibits an acid reaction, and then add to it two or 
three drops of a solution of acetate of lead ^^^^ 
(I 137). An insoluble precipitate of ehromate for 
of lead will be immediately thrown down, exhib- *'"' 
iting a bi-ight yellow color if the reagents be all pure. 
But if, as often happens, the carbonate of sodium, em- 
ployed as a flux, was contaminated with sulphate of 
sodium, the yellow color of the precipitate irill tend, to- 
wards white, in proportion to the amount of sulphate of 
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lead whicli lias gone down together with tho chromate. 
A puvc white precipitate would be no indication of chro- 
mium, but only of a sulphate in the reagents. 

Acidulate the other portion of the aqueous solution of 
the fused sodium compounds with dilute chlorhydric acid, 
add ammonia-water to slight alkaline reaction, warm the 
misture and leave it at rest for at least half an hour, or, 
better, over night. After the lapse of some time, a cha- 
racteristic, gelatinous, colorless agglomeration of particles 
of hydrate of aluminum will appear at the top or bottom of 
the liquid. It should be said, that floclis of hydrate oi 
aluminiim, when diffused through a liquid, are almost 
transparent enough to elude observation. 

When an acid solution, containing much aluminum, is 
mixed with ammonia-water and warmed, a copious preci- 
pitate of hydrate of aluminum will appear immediately, 
and will often remain floating for some time upon the 
surface of the solution by virtue of bubbles of air en- 
tangled in it. But since it is not easy to convert the 
whole of the alumina in the original precipitate into 
soluble aluminate of sodium, by fusion with carbonate of 
sodium in the method above described, the quantity of 
the hydrate to be thrown down at the final teat is often 
very small, and considerable time must be allowed, in 
order that every particle of it may separate from the solu- 
tion, and all the particles collect into a single mass. 

To confirm the presence of aluminum, collect the hy- 
drate in the point of a small filter and allow it to drain. 
Cut away the superfluous paper, place that portion of the 
filter to which the precipitate is attached upon a piece of 
_ J. charcoal, and heat it intensely in the blow-pipe 
ror flame. Moisten the residue with a drop of a so- 
■*'■ lution of nitrate of cobalt, and again ignite it 
skongly. The unfused compound of aluminum, cobalt 
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and oxygen, left upon the coal, wiU exhibit a deep sky-blus 
color, when allowed to cool. This reaction is nseful hi dis- 
tinguishing the hydrate of aluminum from that of glucinum, 
an element somewhat similar to aluminum though far less 
abundant. Hydrate of glucinum when ignited with nitrate 
of cobalt does not yield a pure blue coaipound, but only a 
gray mass. 



30, An outline of the fore; 
tabulated as foUows : — 



:ng operations may bo 



The General Eengent {[MHilHO, mixed with NH401) of Class 
rv pteoipitateB the hydrates of Fe, Cr, and Al, together with Mn 
(aa a ohromite, feriifcs or tdumiiiate), and varioas phosphateH and 
other oompounde of Fe, Or, Al, Ba, Sr, Oa, and Mg. Boil the 
precipitate in a eolutiou of onahc acid ;— - 



Oxalates 
of Ba, Sr, 
Ca, and Mg 
separate in 
the form of 

which is col- 
lected for ia- 

Claes Vr. 



Oxalates of Fa, Al, Cr, and Mn go into solution. 
Test a small portion of the solution for Fe with fer- 
Tooyanide of potassium. Evaporate the remainder 
to dryness and ignite. Test agwn for Fe. Mix the 
residue with dry NajOOj and KNOa, fase upon pla- 
tinum foil, and treat with boiling water : — 



Divide the solution in 



Yellow color of 
aqueous solu- 
tion indicates 
Cr. Confirm Cr 
by precipitation 
of PbOrOi. 



Acidulate a portion of 
the solution with HCl, 
and add (NH4)H0 :— 
Colorless flooculentpre- 



3L Separation of Class IV/rom Glass III. The methods 
of eliminating Classes I, II, and III from mixtures which 
contain members of these classes as well as of Class IV, 
have already been described in §§ 6 and 8. 

It is essential to the success of the operation that all 
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52 PBEEOUa AHD FERBIC SALTS, § 31 

the snlphiiretted hydrogen in the filtrate from Classes II 
and III be expelled, and that aisy iron whicli may be con- 
tained in the eolntion be converted to tlie state of a ferric 
salt, before the general reagent (NH^HO) of Class IV is 
added to the liquid. !For sulphuretted hydrogen pre- 
cipitates all the members of Classes IV and V from alka- 
line solutions, and the filti'afce now in question is, of 
course, made alkaline, when ammonia-water is added to 
it. The iron must be oxidized, because ferrous hydrate 
.t soluble in amsnonium-salts, and could not, 
!cipitated completely by ammonia-water 
from the acid filtrate from Classes II and HI. 

No matter what the condition of the iron may have 
been in the original solution, it is reduced to the state of 
ferrous salt by sulphuretted hydrogen. The filtrate from 
the precipitate produced by sulphuretted hydrogen (the 
general reagent of Classes H and HI) should, therefore, 
be placed in a porcelain dish, and boiled, until the steam 
from it ceases to blacken lead paper (§ 138). After the 
sulphuretted hydrogen has been expelled, three or four 
drops of strong nitric acid must be added to the liquid, 
and the mixture boiled for a moment longer to oxidize 
the iron. If much iron be present, the liquid wiU turn 
yellow. 

To determine whether the iron in the substance sub- 
jected to analysis w^ originally in the state of a ferric or 
a ferrous salt, test a small quantity of the original solu- 
tion with a drop of ferricyanide of potassium (§ 126). 
The formation of Prussian blue proves the presence of a 
ferrous salt. Another small portion of the original solu- 
tion, tested with a drop of feiTOcyanide of potassium, 
would yield Prussian blue in case the sohition contained 
a ferric salt. In applying either of these tests, the blue 
coloration, indicative of iron, is alone to be looked for ; 
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§ 31 CLAsa IV. 53 

no notice need be taken of other colorations, or of pre- 
cipitates formed by the action of the ferri- or ferro-cyaa- 
ide upon the various metallic salts which the solution may 
contain. The possibility that a ferrous salt may have 
been changed into a ferric salt during the process of 
getting the original substance, if a sohd, into solution, 
must not be lost sight of. 

After the iron has been oxidized, a small quantity of a 
solution of chloride of ammonium is added to tlie boiling 
liquid, and finally ammonia-water, little by little, with 
constant stirring, until a persistent odor of ammonia is 
perceptible. A large exceas of ammonia must be carefully 
avoided, for hydrate of aluminum, being somewhat soluble 
in ammonia-water, might be kept in solution, to the dis- 
turbance of the analysis of Classes VI and VH. 

It win be remembered that the object of using chloride 
of ammonium is to hold in solution magnesium (of Class 
VII) and the members of Class V. A considerable quan- 
tity of the ammonium-BEtlt will, of course, be formed in 
any event by the action of the ammonia-water upon the 
chlorhydric acid in the solution, but it is best always to 
add a further portion of the chloride, as a precautionai-y 



The following inferences may be drawn from the color 
of the precipitate produced by ammonia-water : — 

A gelatinous white precipitate indicates aluminum or 
phosphate of calcium. 

A grayiah-gi-een or grayish-blue precipitate indicates 
chromium. 

A reddiah-brown precipitate indicates iron. 

If no precipitate is produced by the ammonia-water, all 
the members of Class IV are absent, and the solution may 
at once be tested with sulphydrate of ammonium, the 
general reagent of Class V. 
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54 CLASB V. § 32 

Wlion tlie solution contains mucli chromiiini, a small 
portion of this element is apt to remain dissolved at 
first in the excess of ammonia- water, and to color the 
solution pink ; but by continning to boil the solution, tbo 
color may be mads to disappear, and the whole of the 
cbromium thrown down. Care must be taken to replace, 
by small portions, the waier driven off by boiling, lest 
some of the membera of Class V be rendered insoluble. 

It ia to be observed that the legitimate members of 
Class IV cannot be completely precipitated by ammonia- 
water from solutions which contain non-volatile organic 
substances, like albumen, sugar, starch, and so forth, or 
organic acids (such as tartaric, citric, oxalic, or even in 
some cases acetic acid) wliieh form solnble double salts by 
uniting simultaneously with the ammonium and one or 
more of the members of the class. The treatment of 
substances containing organic matter will be explained 
hereafter, (g 76, I.) 



CHAPTEK VI. 



32. Example of the Precipitation of the Members of Glass 
V. Place in a small glass flask six or eight drops of strong 
aqueoits solutions of the sulphates, nitrates, or chlorides 
of cobalt, nickel, manganese and zinc. Add to the mix- 
ture five or six teaspoonfuls of a solution of chloride of 
ammonium, twice as much water, and ammonia-water to 
alkaline reaction. 

Heat the mixture to boiling, and add sulphydrate of 



I .y Google 



ANALYSIS OP CLASS V. 55 

L to the boiling solution, drop by drop, with 
frequent agitation, as long as a precipitate continues to 
be formed. (Compare p. 33.) In the present case there 
are special reasons why the precipitate should ba boiled 
and shaten, m order to make ifc compact ; for the sul- 
phides of Class V, ■when loose and flocoulent, are not 
only easily acted npon by the air and by dilute acida, but 
are peculiarly liable to pass throv^h the pores of filter- 
paper and yield muddy filtrates. 

At the best, these sulphides oxidize rapidly when moist, 
with formation of soluble sulphates whicb are liable to 
pass throTigh the filters and contaminate the filtrates. 
The analysis of the sulphides should therefore be pro- 
ceeded with immediately after the precipitation with sul- 
phydi-ate of ammonium, and should be coiidiicted in such 
manner that no precipitate of a sulphide shall ever be 
left moist upon a filter more than half an hour. 

33. Aiialysis of Hie Mixed Sidphides. The detection of 
the several members of Class V depends, 1st, Upon the 
almost complete insolubility of the sulphides of cobalt 
and nickel in coH dilute chlorhydiic acid, and the ready 
solubility of the sulphides of manganese and zinc in that 
liquid. 2d, Upon the solubility of hydrate of zinc, and 
the insolubility of hydrate of manganese, in a solution of 
caustic soda. 3d, Upon the insolubility of sulphide of 
Bine in alfealine solutions. 4th, Upon the peculiar colors 
imparted to borax gloas by compounds of cobalt and 
nickel dissolved in the glass ; and upon certain other spe- 
cial tests to be described directly. 

To effect the sepai-ation : — Collect the precipitate upon 
a filter, and rinse it once or twice with water ; spread 
open the filter in a porcelain dish, and cover it with cold 
dilute chlorhydric acid. Scarcely any of the sulphide of 
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56 ASALYSIS OF CLASS V. § S3 



cobalt, or of nickel, ■will go into solution, while the sul- 
phides of manganese and zinc ^vill be completely decom- 
poaei^, and dissolved as chlorides. 

iPilter the chlorhydric acid sohitioii, pour the filtrate 
into a porcelain dish, and boil it, until strips of moistened 
lead paper held in the steam no longer indicate ^e pre- 
sence of sulphnretted hydrogen ; then transfer the liquid 
to a beater or test-tube, xad add caustic soda (§ 116) 
to it in slight excess. A whitish gelatinous precipitate of 
hydi'ate of manganese, insoluble in canstic soda, will be 
thrown down, together with small portions of the hydrates 
of cobalt and nickel (partienlarly the lattei'), resulting 
fi-om the partial decomposition of the sulphides of these 
metals by the dJorhydrie acid, while the hydrate of zino 
at first precipitated redissolves completely in the excess 
of soda. It is to be observed that precijatation should 
never be efieoted in a porcelain dish, since a white or 
transparent precipitate is scarcely visible in a white and 
opaque dish. 

To prove the presence of manganese, collect the preci- 
pitate upon a filter, allow it to drain, and fuse a small 
portion of it with a mixture of carbonate of sodium and 
niti'ate of potassium upon platinum foil m the oxidizing 
blow-pipe flame, as directed on p. 49. 

Tlu-ongh the altaline filtrate pass sulphuretted hydro- 
gen gas. Sulphide of zinc ■wLfl be thrown down as white 
or dirty-white flocculent precipitate. 

To confirm the presence of zinc : — Collect the precipi- 
tate produced by sulphuretted hydrogen upon a filter 
and allow to di'ain ; transfer it to a porcelain dish, dis- 
solve it in dilute chlorhydric acid, and evaporate the solu- 
tion ahnost to dryness on a water-hath (§ 166), Dissolve 
the residue in a few drops of water, and without heeding 
the milliincss which the presence of particles of free 
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§ 33 ZIN(!, KICKEL, AKD COBALT. 67 

sulplmr may produce in it, potir this liquid into a test- 
tube containing two or three teaspooufula of a solution 
of normal cbromate of potassium previously heated to 
boiling. A peculiar yellow, somewhat flocculent ^^^ 
precipitate of basic olu-omate of zinc will be to 
formed in the boiling liquid, and will soon sub- "* 
side to the bottom of the tube. The red color of the 
supernatant fluid is due to the formation of bichromate 
of potassium. 

It ie to be observed that in the analysis of mixtures 
■which contain no manganese, the precipitate of hydrate 
of cobalt or of nickel, produced by the caustic soda, is 
usually small and sometimes hardly perceptible ; but, no 
matter how minute the precipitate may be, it must always 
be carefully removed by filtration before testing the solu- 
tion for zinc with sulphuretted hydrogen. 

The black residue, insoluble in dilute cLlorhydrie acid, 
is washed with water and tested for cobalt and nickel, by 
heating auceessive small portions of it in a bead (§ 84, 
c.) of borax (§ 119) in the oxidizing blow-pipe f^s^^ 
flame. If cobalt alone were present, a bright, ff"" 
pure blue color would be imparted to the bead. * 
On the other hand, if the precipitate was composed solely 
of sulphide of nickel, the borax glass would assume a 
peculiar reddish-brown color. Mixtures of the two aul- 
phides yield beads of various tints, according to the pro- 
portions of nickel and cobalt contained iu them. By 
adding the precipitate to the borax by repeated small 
portions, and fusing the bead anew after each addition, it 
is often possible to obtain first the characteristic color of 
one of the elements and afterwards tolerably well defined 
indications of the other. 

The blue color of cobalt can usually be made manifest, 
even in presence of m\mh nickel, by heating the borax 
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E8 SEPARATION OF NICKEL. § 33 

bead in the reduciBg blow-pipe flams (§ 167). In tho 
rediiciiig flame the reddish-brown color imparted by 
nickel changes to gi'ay, while the cobalt blue remains 
unaltered. 

Id any event, one of the two metals will he detected by 
the blow-pipe test, and the subsequent operations can he 
limited to searching for the other. 

To prove the presence of nickel, boil the black residue 
with a few drops of aqaa regia in the porcelain dish, and 
evaporate the solution almost, but not quite, to dryness. 
Add to the residual acid hquor, Uttle by httle, a strong 
solution of cyanide of potassium, until the reaction of the 
solution becomes decidedly alkaline, and boil the misture 
for five minutes, taking care to add water by small por- 
tions to fully replace that lost by evaporation. The 
cyanides of nickel and cobalt, at fir-st thrown down, both 
redissolve easily in an excess of cyanide of potassium ; 
but while the cyanide of nickel undergoes no change 
when the mixture is boiled, the cyanide of cobalt is aU 
converted into cobalticyanide of potassium, and from so- 
lutions of this compound, cyanide of cobalt is not pre- 
cipitated on the addition of acids. 

As soon as the liquid has become cold, pour dilute sul- 
phuric acid into it, without heeding any precipitate which 
may have formed during the evaporation, until a drop of 
the miKture turns Hue Himua-paper red. Transfer the 
acidulated liquor to a large test-tube, fill the latter with 
water, shake the mixture well, and allow it to stand dur- 

yggt '^S eighteen or twenty-four hours. The soluble 
for compound of cyanide of nickel and cyanide of 
■ potassium is decomposed by the sulphuric add, 
and the cyanide of nickel precipitated in the form of a 
light, dirty greenish-yellow powder, which slowly sub- 
sides to the bottom of the tube. 
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Sometimes a dart layer of dirt, derived from impurities 
in ilie reagents, is deposited above or below the stratum 
of cjaiiide of nickel, but it seldom happens that the eha- 
racteriatic color of the latter is m t Uy bs u d by 
this contamination. At other times ^^] n th j e at ons 
have been performed carelessly, an I th nts ha e 

been employed in undue quantiti y t Is f Iph te 

of potassium will sepai'ate in the t b 1 t th y n 
readily be removed by dissolving th m n w t 

To confirm the presence of cobalt ma f 1 uH — 
Dissolve the blact residue inatwl p thtaqa 
regia, evaporate the solution nearlj to 1 y pou mt 

the residual solution two or three times its own volume 
of a solution of nitrite of potassium (§ 12D), and add to 
the mixture concentrated acetic acid, until the reaction 
of the hquid is strongly acid. Ti-ansfer the mix- ^egf 
tnre to a test-tube, and leave it at rest during for 
eighteen or twenty-four hours. A beautiful, yel- "* 
low crystalline precipitate of the double nitrite of cobalt 
and potassium will be deposited sooner or later, accord- 
ing to the proportion of cobalt which the solution con- 
tained. 

On adding caustic soda to the filtrate from the yellow 
cobalt precipitate, hydrate of nickel would be thrown 
down if it were present, and the presence of nickel might 
be confirmed by testing this precipitate with borax in the 
oxidizing blow-pipe flame. 

34. An outline of the foregoing operations may be 
tabulated as foUowa : — 
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TABLE FOS CLASS V 



CoSandNiS 

solved. 

Tent for Oo 
and Ni win 
toHtt glass, 
nud, if need, 
be, witli KCN 
or KNO,. 



Hydrate of 
is precipitated, logeiner 
wiUi traces of tho hy- 
dcatea of Co and Ni. 

Prove preseuoe of Mn 
by the blow-pipe test. 



Hydrate of zinc gc 
into BolatioG. Add H 
to tbTOW dowu ZuS. 

zinc by pi-acipitatiou 
the ehromate. 



85. Separation of Class V/rom Qlass IV. After Classes 
I, II, ITT, and IV have been removed in the majiner 
abeady described (§§ 9, 31), add a single drop of sulphy- 
drate of ammoniuoi of good qualil^ (§ 110) to the filtrate 
from Class IV. If no precipitate is produced, none of 
the members of Class V can be present, and the solution 
may be immediately tested with carbonate of ammonium, 
the general reagent of Class VI. 

If the first drop of the solphydrate produces a precipi- 
tate, transfer the misture to a small flask, lieat it until it 
actually boils, and add more of the sulpbydrate, with the 
precautions enjoined on p. 55 to complete the preoipita- 

lii case the precipitate produced by salphydrate of 
ammomum be white, the presence of zinc is indicated. 

If it be Sesh-colored or yellowish-white, and become 
brown by oxidation when exposed to the air, the presence 
of manganese is to be inferred. 

In case the precipitate is black, either cobalt or nickel, 
or both these elements, are present. Both of them, must 
be sought for, whenever the precipitate exhibits any tinge 
of black at the moment of its formation. 
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CHAPTER VII. 

CLASS VI. CABBOSATES INSOLUBLE IN WATEH, AMMONIA- 
WATER, AUD SALINE SOLUTIONS. 



'eof Sw FrecipitoMon of Qie Membeis of Otoss 
VI. Place m a test-tabe sis or eight drops of strong; 
aqueous solutions of tlie chlorides or nitrates of baiiom, 
strontium, and calcium. Add to the misture two or three 
teaspoonfula of a solution of chloride of ammonium, 
©nougii ammionia-water fo produce an alkaline reaction, 
and finally a solution of carbonate of ammoiuiim, diop 
bj drop, as long as any precipitate continues to be pro- 
duced by fresh portiona of thia rea.gent. To determine 
this last point, heat the mixture to boiling at intervals, 
and after boihng oUow it to settJe, until a sufficient quaii- 
tity of eomparatiyely clear hqnid has collected at the top 
of the mijiiture to permit the appHeation of the test, 

37, Analysis of the Mixed Carhonoies. The separation 
of barinm, strontium and calcium, one from the other, 
depends : — 1st, Upon the insolubility of chromate of 
barium in dilute acetic aeid, and the aolnbility of the 
chromates of strontium and calcium in that liquid, 2nd, 
Upon the fact that sulphate of strontiain. ia almost abso- 
lutely insoluble in acidulated water, while sulphate of cal- 
cium, though rather sparingly soluble in water, is still 
sufficiently soluble to be kept in solution. (See § 123.) 

Collect the precipitate upon a filter, wash it two or 
three times with water, taking eare to collect the pre- 
cipitate at the apos of the filter, and dissolve it in acetic 
acid. The aeid may be poured into the filter an it rests 
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62 TEST rOR BABIOM. § 37 

ill the funnel, but only a moderate qusmtity should be used, 
and the filtrate should be poured back upon the filter, 
until the acid is saturated. Finally rinse the filter with 
fi Kttle -w&ter from a wash-bottle with small orifice, 
collect the wash-water with the filtrate, and shake the 
mixture. 

Pour a small portion of the acetic acid solution into a 
test-tube, and add to it a drop of a solutiou of normal 
chromate of potassium. A pale yeUow precipitate falla 

Test when barium is present, an in this instance ; for 
ior chromate of barium is well nigh insoluble in 
"' acetic acid, eepeoiaUy in presence of saline solu- 
tioua. In order to sepai-ate the whole of the barium, pour 
the contents of the teat-tube into the reserved portion of 
the acetic acid solution, heat the mixture to boiling, and 
add to it chromate of potassium, until no more precipitate 
faUs and the supernatant liquor appears distinctly colored, 
after having been well shaken and allowed to settle. 
Filter the mixture, and proceed to examine the filtrate 
for strontium and caleiiim. 

If no barium had been present, no precipitate would 
havo been produced by chromate of potasaiims in the 
small portion of liquid first tested, and it would have been 
unnecessary to mix this reagent with the rest of the acetic 
acid solution. Trouble would thus be saved, as will ap- 
pear below. 

It sometimes happens that chromate oi barinm is pre- 
dpitated in the form of powder so fine that some particles 
of it pass through the pores of the paper and contaminate 
the filtrate. Now, in order to detect strontium and cal- 
cium, it is absolutely necessary that this filtrate, although 
of a bright yeUow color, should be perfectly transparent 
and free from suspended particles of the barium salt. If 
then the filtrate is at all tiu'bid, it must be poured back 
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§ 37 TESTS FOB STKONTXUM A 

repeatedly into tlio filter, and again collected in clean 
tubes, until the last trace of cloiidinesa has disap- 
peared. 

To the filtrate from the chromate of barium add am- 
monia-water to alkaline reaction, and carbonate of am- 
monium as long as a precipitate falls. Heat the misture 
to boiling for a moment, coUeut the precipitate upon a 
small filter, and wash it with water, untU all the chromate 
of potassium has been removed, and the wash-water runs 
colorless from the filter, 

Pissolve the precipitate in the smallest possible quantity 
of acetic acid, and mix it with three or four times its 
volume of a solution of sulphate of potassium (§ 123), 
mads of such strength that, though capable of throwing 
down sulphate of strontium, it cannot precipitate sulphate 
of calcium. Allow the mixture to stand at rest jj^^ 
for two hours or more, in order that the white fr 
powder of sulphate of strontium may separate '' "' 
completely. Then filter, and to the filtrate add ammonia- 
water to alltaline reaction, and half a tea«poonful of a so- 
lution of oxalate of aromonium (§ 113). A white pre- 
cipitate of oxalate of calcium will be immediately thrown 
down. 

Since sulphate of strontium is somewhat soluble in a 
solution of chromate of potassium, the filtrate from 
chromate of barium cannot be examined directly for 
strontium by means of sulphate of potassium. The 
strontium and calcium are consequently reprecipitated as 
carbonates, in order that the excess of chromate of potas- 
sium may be washed away. The operation serves also to 
collect the strontium and calcium out of the mass of hquid 
in which they have become diffused, and to concentrate 
them to a small bulk. 

It shoxUd be observed that, when the proportion of 
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C4 TABLE FOB CLASS VL |§ 38, 39 

strontium or calcium iu a mixture is email, it often 
happens that the precipitate, produced by carbonate ol 
ammonium in the filtrate frora chromate of barium, is held 
ill suspension, and concealed so completely in the yellow 
liquor, that an unpractised eye can hardly detect the fact 
that the liquid has become cloudy. That a precipitate has 
really been formed in such eases is easily discovered by 
throwing a portion of the mixture upon a filter, and com- 
paring the clear filtrate thus obtained with that portion 
of the mixture which has been left unfiltered. 

38. An outline of the foregoing operations may bo 
presented in tabulai' form, as follows : — 



The General Rengent ([NHil^COa) of dass YI, precipitates tlie 
oarbonates of Ba, &■, and Ca. Di^olve m dilute auetic acid, and 
add K,Cr04 :— 



BaCrO., 



thrown [NHjjjCOa and (NH^jHO. Collect and v 






SrCrOi and CaCr04 remain in solution. 



,tB, and d^ohe it in acetic acid. Add dilute 



39. Spparaiion of Glass VI from the Preceding Glasses. 
After Classes I, 11, m, IV and V have been separated in 
the manner already described (§§ 6 to 10), there will still 
always remain to be examined the filtrate from Class V, 
and sometimes a precipitate (§ 29) composed of oxalates 
of barium, strontium, calcium and magnesium, — in case 
any salt of these elemente, insoluble in amm.onia- 
water, has been thrown down with the members of 
Class IV. 
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I 39 SEPAEATION OF CLASS VI. 65 

If sach a precipitate haa been obtained in the analysis 
of Class IV, the oxalic acid contained in it must now be 
destroyed, the remainder of the precipitate bro\iglxt into 
solution, and this solution added to the filtrate from 
Class V, before proceeding to precipitate the members of 
Class VL To this end, ignite the dry precipitate carefully 
upon platinum foil — by several successive portions if the 
precipitate is large, — taking cfue that none of the powder 
is left sticking to the paper or lost by dropping it fi'om 
the foil. At a moderate heat the oxalates suffer decom- 
position, and only carbonates or oxides are left upon the 
foil Place the foil and the residue in a small porcelain 
dish, and dissolve the residue in boiling dilute chlorhydric 
acid. Add a few drops of chloride of ammonium to the 
solution, neutralize the acid with ammonia-water, pour 
the liquid upon a small filter and add the filtrate to that 
obtained from Class Y, Then add a solution of carbonate 
of ammonium to the mixture, and boil it in the manner 
described in § 36. 

If there be no precipitate of the oxalates from Class TV, 
the filtrate from Class V will, of course, be treated directly 
with carbonate of ammonium, cai'e being taken to add 
only a drop or two of the reagent, at first, to ascertain 
whether any of the members of Class VI are really con- 
tained in the solution. 

The solution to which the general reagent carbonate of 
ammonium is added, m.ust contain chloride of ammonium, 
to prevent the precipitation of magnesium as a carbonate, 
and also ammonia-water, to hinder the decomposition of 
the carbonates of barium, strontium and calcium, by the 
boiling chloride of ammonium. But since the excess of 
ammonia-water and the chloride of ammonium, added 
to the solution before the separation of Class IV, are still 
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66 BBPAltATION OF CLASS VI. & <i'J 

contained in it, no new quantity of eitlier of tliem need 
here be added. 

It is to be remembered, in this connection, that the 
carbonates of bao'inm, strontium and calcium, are all 
slightly soluble in a solution of chloride of ammonium, 
and that no precipitate -whatever is produced when car- 
bonate of ammonium is added to a weak solution oi either 
of the members of Class TI, in case a large quantity 
of chloride of ammonium has been previously mixed 
vrith it. 

In a solution containing traces of barium or strontium 
these elements might fail to be detected, in case the chlor- 
hydrie acid employed in the process of separating Classes 
I and H was contaminated with sulphuric acid, or in case 
the origuial liquid contained nitric acid to oxidize a por- 
tion of the sulphur of the sulphuretted hydrogen employed 
to precipitate Class II, or even if the nitric acid, employed 
to oxidize iron in the filtrate from Classes II and III, 
were added before the sulphuretted hydrogen had been 
expelled. All danger could be avoided, however, by using 
piure ohlorbydric acid to precipitate Class I, and e^spelling 
the nitric acid from the filtrate by evaporating the latter 
to dryneiss upon a water-bath, covering the residue with 
pure concentrated chlorhydrio acid, again evaporating 
untU the mixture became dry, and finally dissolving in 
acidulated ■water. 
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OHAPTEK VIII. 

CLASS Tn.— 1NCLTJDE3 THE REMAINING COMMON ELE- 
MENTS NOT CX)MPBI3ED IN THE PRECEDING CLAS- 
SES, NAMELY: MAGNESIUM, SODIUM AND POTASSIUM. 

40. The detection of ike Several Members of Class VII 
depends :— lat, Upon the insolnbility of a double phos- 
phate of magnesium and ammonium, and the solubility of 
iiie phosphafcea of potasaium and of sodium; and 2dj Upon 
the facts that compounds of sodium and potassium impart 
peculiar colorations to non-luminous flames, like those of 
alcohol and of a mixtui^e of coal-gas aad air. 

Prepare a mixture of ten or twelve drops of strong 
solutions of almost any one of the salts of magnesium, 
sodium and potassium, aud add to the mixture an equal 
bulk of chloride of ammonium. Pour a quarter of the 
mixture into a test-tube and the remainder into a small 
porcelain dish. Add to the contents of the test-tube two 
or three drops of a solution of diphosphate of sodium 
(§ 121), and as much ammonia-water, and shake the cold 
niixtiire at frequent intervals during one or two hours. 
A crystalline, white precipitate of phosphate of ^^^ 
magnesium and ammonium will appear after a foe 
longer or shorter interval, according as the ori- ^'^^ 
giual solution was more or less dilute. 

41, Evaporate the contents of the porcelain dish to 
dryness, ignite the residue until the chloride of ammonium 
has been completely expelled— a point which will be in- 
dicated by the cessation of fuming — allow the dish to 
cool, and pour into it three or four drops of water. 



I ..Google 



G8 TESTS FOK SODITM AKD POTA^IUM. § 41 

Oarefully doan the loop on a piece of platiiinm wire by 
washing it repeatedly with water, and fiuaUy holding it in 
the lamp flame until the last traces of sodium compounds 
are burned off, and it ceases to color the flame. Without 
touching the loop with the fingers, dip it into the aqueous 
solution in the diah, and again hold it in the flame. A 
jjgj bright yellow color will be imparted to the flame 
for by the sodium coctained in the mixture ; but the 
"*"■ color peouiiar to pofcassiiam compounds will be in- 
visiblej since the yellow color of the sodium" OTerpowera 
and conceals it. Dip the loop a second time in the solu- 
tion, and again hold it in the lamp flame ; but this time 
look at the flame ttirough a piece of deep-blue cobalt 
glass. This cobalt glass is the ordinary blue glass used 
for stained glass windows ; it is essential that the glass 
should be of moderate thickness, and colored blue 
j^gj throughout, not simply "fiashed"withblue. The 
for characteristic violet color imparted to flame by 
"^^ potassium compounds will now be visible, for the 
blue glass shuts off completely the yellow sodium light, 
while it permits the free passage of the violet rays. 

Since traces of compounds of sodium and potassium 
are to be found almost everywhere, it is sometimes diffi- 
cult to determine by the foregoing testa whether the 
substance under examination contains one or other of 
these elements as an essential ingredient, or merely as an 
accidental impurity. It is always possible, however, to 
separate the sodium or the potMsimn from the other 
members of the class, and to decide, by actual inspection 
of the isolated compounds, whether one or both of these 
substances is contained ia really appreciable quantity in 
the substance subjected to analysis. If only potassium is 
sought for, filter the aqueous solution, last mentioned, 
through a voi-y small filter, add to the filtrate a drop or 
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two of chlorhydric acid and several drops of a soltifcion of 
bichloride of platumm (§ 146), A yellow crystalline pre- 
cipitate of cUoroplatinate of pota^nm will separate after 
some time. Since cliloride of ammonium would produce 
a similar precipitate, it is, of cotu-ae, essential that the am- 
moniacal salt should be expelled by ignition before potas- 
sium can be tested for. 

In case sodium, or both sodiam and potassium, be 
sought for, the magnesium must first be got rid of. To 
this end, moisten the dry residue, which contains the 
chlorides of magnesium, of potassium and of sodium, 
with a drop or two of water, mis it thoroughly with an 
equal bulk of red oxide of mercury, and ignite the mix- 
ture until fuming ceases. The chloride of magnesium 
will be changed to oxide, while the easily volatile chloride 
of mercury escapes : — ■ 

MgCl a+HgO=Mg04-HgCl2. 

The ignition should be elFeeted beneath a chimney, or 
in a draught of air powerful enough to cany away i' 



poisonous 



fumes of the corrosive sublimate. Boil the 



ignited residue with a small quantity of waier ; separate 
the insoluble oxide of magnesium, together with the 
excess of oside of mercury, by filtration ; evaporate the 
filtrate to a small bulk ; throw down the potassium as 
chloroplatinaie, collect the latter upon a filter, and from 
the filtrate remove the excess of chloride of platinum by 
means of sulphuretted hydrogen. Filter off the sulphide 
of platinum, and evaporate the filtrate to dryness to ob- 
tain the chloride of sodium. Or, instead of employing 
stdphuretted hydrogen, evaporate the filtrate from chlo- 
roplatiaate of potassium in a watch glass, at a gentle heat, 
mitil the liquid begins to become dry at its edges, and 
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70 ISOLATION OF CLASS VU. ^g 42, 4,( 

then examine it with a, magnifying glass. Characteristic 
crystals of oliloroplatinate of socLium will be aeon in the 
form of longj slender prisms or needles of yellow color. 

42. The Isolation of Class Til, by the removal of the 
preceding clftsses, has been described in § 12. Care raiist 
always be taken to concentrate the whole of the filtrate 
from Class TI by evaporation, before testing a portion of 
it for magnesinm ; and time enough must be allowed for 
the mi^nesiura precipitate to crystallize. The remainder 
of the filtrate from Class YI must be evaporated to 
dryness and ignited, before testing for sodium an 1 j t 
slum, in order that the flame reactions of thes I m nt 
may not be concealed or obscured by the vap f am 
monium-salts, or the combustion of particles i g n 
matter derived from the various reagents which ha b n 
added in the cotirse of the analysk. 

43. An outhne of the methods employed for separa- 
ting the several classes is presented in tabular form on 
the opposite page. The method of separating Claaa HI 
from Class II must be shghtlj modified when mercui'y is 
present in the form of a mercui-ic salt. Sulphydrate of 
ammonium should in that case be substituted for sul- 
phydrate of sodium ; because the sulphide of mercury is 
rather soluble in sulphydrate of sodium. The presence 
of mercury will generally be made known during the 
preliminary examination (§ 76, III, c). Sulphide of 
copper also is somewhat soluble in the sulphydrates of 
sodium and ammonium, in presence of the sulphides of 
Class in ; but enough of this sulphide will always 
remain undissolved to insure the detection of copper in 
Class II. 

Since sulphydrate of ammoniiim often fails to dissolve 
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72 NOB-METALLIC ELEMEKTS. § 44 

snlphide of tin, it ie not, in general, so fit a Kolvent for 
the snlpliidos of Class III as sulphydrate of sodium. 



CHAPTER IX. 

Q-ENEEAX TESTS FOR THE NON-METALLIC ELEMENTS. 

44. Tho following common elements remain to be 
considered :— Sulphur, nitrogen, phosphorus, carhon, 
boron, silicon, chlorine, bromine, iodine, fluorine, osygen, 
hydrogen. It is obvious that oxygen and hydrogen can- 
not be directly sought for by any analytical process con- 
ducted in the wet way. These elements are added to the 
original matter in the water ■which is used as a solvent 
Tlie presence of these elements is either inferred from 
the other resulta of the analysis, or forms the object of 
direct inquiry in the ■preliminary Ireaiment — that important 
part of every analysis which fomis the main subject of 
Part n. The remaiEiing elements all belong to that class 
vaguely described as non-metallic ; they unite "with oxygen, 
hydrogen, or both these elements, to form what are com- 
monly called acids. 

As the metallic elements are recognized through fa- 
mihar compounds, oxides, chlorides, sulphides, or other, 
so these non-metaUic elements are identified by -working 
out of the unknown mixture their characteristic com- 
pounds. These compounds are generally salts. But 
there is one marked difference between the search for the 
metalhc and the search for the non-metalhc elements in 
the wet way. In connection with the determination of a 
metallic element, no question usually arises except the 
fundamental one of its presence or absence in a given 
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§ 44 MKTAL FIHST SOUGHT FOIi. 73 

aolution. The sodium in the three different salts, sul- 
phate, sulphite and hyposulphite of sodium, for example, 
is detected in one and the same method ; but, when the 
other elements of these salts are sought for, three differ- 
ent reactions will occur, according to the varying nature 
of the ingredients other tlian sodium. A sulphate in 
solution gives one set of reactions, a sulphite another, 
and a hyposulphite a third. It is important to do more 
than determine the more presence of sulphiur and 
oxygen. We want to know whether the sodium salt be a 
sulphate, sulphite, or hyposulphite. Analogous questions 
arise with regard to other non-metallic elements ; there 
is chlorine both in chlorides and chlorates, and carbon 
both in carbonates and oxalates. Arsenic, too, may be 
present in the form of arsenite or arseniate, and these 
two different kinds of salts exhibit many quite diffiimilar 
reactions. 

The examination into the nature of the other ingre- 
dients of any compound is invariably subsequent to the 
determination of the metallic element or elements by the 
method detailed in the preceding chapters. In the lan- 
guage of the duahstic theory, when the base has been 
foimd, the acid is sought for. By whatever words the 
object of the analyst be described, the process itself is in 
general as follows : — The analyst tries to identify each 
class of salts by precipitating, or otherwise making mani- 
fest, some familiar member of that class. Thus he iden- 
tifies sidphates by precipitating sulphate of barium, chlo- 
rides by precipitating chloride of silver, carbonates by 
throwing down carbonate of calcium, and so forth. The 
practically important inquiry is, how to find means of 
identifying each of tlie principal classes or kinds of salts. 
The word " class " or " kind " of salts is used in this con- 
nection as a collective name for all the salts from which 
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tlic sama acid may be derived, or whicli, in dualistic lan- 
guage, "contain" the same acid: thus all sulphates con- 
stitute one class or kind, all carbonates another, and so 
forth. The following common classes of salts are those 
for which more or leas perfect means of recognition will 
be given in this chapter: — Sulphates, sulphites, hyposul- 
phites, sulphides, arseniaies, arsenites, phosphates, car- 
bonates, oxalates, tartrates, borates, silicates, chromatoa, 
fluorides, chlorides, bromides, iodides, cyanides, nitrates, 
chlorates, acetates. 

No system of successive testing and elimination, analo- 
gous to that already described for the metallic elements, 
has been devised for the non-metaUic constituents of 
salts. There are, indeed, certain so called general reagents 
toe adds; but these reagents are chiefly useful to show 
the simultaneous presence or absence of members of 
seijeral classes of salts, and hardly help towards the iden- 
tiftoation of any individual class, except in cases of the 
simplest sort in which only a single cliws of salte is repre- 
sented. 

The knowledge of the metallic element or elements 
present, previously gained, is usually a great help in the 
determination of the other constituents. A single exam- 
ple vrill illustrate sufficiently for our present purpose this 
important principle, which is of very wide application in 
qualitative analysis. Suppose calcium to have been found 
in an aqueous solution of various salts ; it is directly to be 
inferred with great confidence, though not with entii-e cer- 
tainty, for example, that there is no sulphate, phosphate, 
silicate, carbonate, oxalate, or tartrate in the original 
liquid, since these calcium sails are insoluble in water ; 
that, in short, the greater number of the classes of salts 
above enumerated are absent. The list of salts excluded 
by the demonstrated presence of calcium would be very 
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long. So it ia in greater or less degree with many other 
metallic elements. It is, indeed, no easy matter to make 
a solution containing even one representative of the seven 
classes into which the metallic elements have been 
divided, because each of these elements, except sodinm 
and potiwajum, present in solution excludes one or more 
whole classes of salts. By attending to the just infer- 
ences to be drawn from the quality of the metallic ele- 
ments, much time will be saved, and the i\'ani of a 
systematic procedure in searching for the non-metallic 
elementa will be little felt. The presence of the areenites 
and arseniates, of chromates, sulphides, sulphites, and 
hyposulphites will ordinarily be revealed in the course of 
the search for the metallic element. 

Before giving the special tests by which the above- 
mentioned classes of salts are identified, we proceed to 
describe certain general tests which are of value, particu- 
larly when they give negative results. 

45. The Barium Test. "When a solution of chloride 
(or nitrate) of barium is added in suitable quantity to a 
neutral or slightly allialine solution containing represent- 
atives of any or all of the following classes of salts, pre- 
cipitation usually occurs, for all these salts of barium are 
insoluble in water and alkaline Hquids, if no ammonium- 
salts be present : 

Sulphate^, Arseniates, Tartrates, 

Sulphites, Arsenites, Borates, 

Hyposulphites, Carbonates, Silicates, 

Phosphates, Oxalates, Cliromates, 

Fluorides. 

If the chloride (or nitrate) of barium fail to produce a 
precipitate under the prescribed conditions, tho complete 
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e of all the above thirteen classes of salta is at onee 
deraoQatrated, provided that no ammonium-aalts be con- 
taiaed in the original solution. 

4S. Illustration of the Barium Test. Prepare in a test- 
tube a solution containing at once sulphate, phosphate, 
and carbonate of sodium ; a very small bit of each salt 
will he sufficient. The solution will he found to be 
alkaline to htmus paper. Add to it chloride of barium 
(§ 135), little by Httle, until a fresh addition ot the re- 
agent no longer produces an additional precipitate. The 
white precipitate consists of sulphate, phosphate and car- 
bonate of barium. All the thirteen barium salta which 
are liable to precipitation under these circumstances are 
white, with the single exception of chromate of barium. 
The yellow color of the chromate of barium (§ 36) distin- 
guishes this one precipitate from all the rest. If this 
color is well marked, the presence of a chromate in the 
original solution (which must also have been yellow) may 
be inferred with certainty. In all other cases, however, 
the precipitate is white, as in the present experiment. 
The next question is, can anything further be learned 
from this white precipitate ? 

Add to the contents of the test-tube dilute chlorhydric 
acid, until the hquid has a decidedly aeid reaction to 
Htmus paper. An effervescence indicates the escape of 
carbonic acid, displaced by the less volatile chlorhydric 
acid. The bulky precipitate which the chloride of barium 
produced will in part disappear, but a portion of it 
remains undissolved. I^^ter the contents of the tube. 
The particles of precipitated sulphate of barium are so 
very fine that they often pass through the pores of the 
paper, necessitating repeated filtration through the same 
filter. To the filtrate add ammonia-water until the liquid 
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has an alkaline reaction. A precipitate ■will reappear. 
Of all the barium salts -which may be precipita-ted under 
these circumstances, only one, the sulphate of barium, 
IB insoluble in chlorhydric and other strong acids. A 
separation of sulphur from a hyposulphite will not be 
mistaken for a barium precipitate (g 22, p. 37). The 
fact that any of the original precipitate remains undis- 
solved by the chlorhydric acid demonstrates the presence 
of a sulphate. The portion of the original precipitate 
■which dissolved in the acid, and ■was reprecipitated by 
ammonia, consisted in this particular experiment of phos- 
phate of barium; but in an actual analysis the possible 
salts represented -would be so numerous as to make the 
indication of but little value. 

If ammonia--water should cause no reprecipitation in 
the acid hquid which was filtered from the original pre- 
cipitate, it must not be inferred that the acid of course 
dissolved nothing. The borate, oxalate, arseniate, arsen- 
ate, tartrate and fluoride of barium are all moderately 
soluble in solutions of ammonia,cal salts, and may not be 
precipitated on the addition of ammonia. Of course, if 
the origiual solution contained ammonium-salts, these 
six barium salts, if present iu smaU quantity only, might 
fail to be precipitated. In fact, all the thirteen above- 
mentioned barium salts, except the sulphate, are more or 
less soluble in solutions of ammonium-salts, so that when- 
ever these ammonium-salts are known to be present, 
there is really but one perfectly satisfactory indication 
with chloride of barium. The presence of a sulphate is 
revealed by it with certainty, but the results of the other 
tests must be received with some distrust. If the origiual 
solution be acid, it is necessary to neutraUze it with am- 
monia-water before the chloride of barium is added. 
Sometimes a precipitate is produced by the ammonia- 
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water so aflded; in that case it is necessary to filter and 
proceed with the filtfafce, although the ammoiiia-'water 
may have thrown down salte of several of the classes 
above named, such as phosphates, oxalates, and fluorides. 
Even if the ammonia-wafcer produce no precipitate, the 
testing is then performed under the disadvantage of the 
presence of ammonium-salts. 

If the original solution contained silver or lead salts, 
or mercurous salts, it would be impossible to use chloride 
of barium and ohlorhydric acid as reagents ; they would 
throw down the chlorides of those metals. Hitrate of 
barium (g 136) and dilute nitric acid must then be used. 

The acide added to the precipitate formed by the barium 
salt must be always dilute acids. Chloride and nitrate of 
barium ai-e themselves insoluble in concentrated chlorhy- 
di-io and nitric acids, and if a strong acid were used as a 
solvent, the reagent salt might itself separate from the 
liquid. 

47. The Caiiium Test. Clil.oride (or nitrate) of calcium 
precipitates the same classes of salts as chloride (or 
nitrate) of barium, with the Bingle exception of the chro- 
mates. When sulphates and all ammoniacal saUs are absent, 
or present only in minute quantities, something may be 
leai-ned by testing a neutral or slightly alkahne solution 
supposed to contain representatives of some of the other 
classes of salts enumerated in § 45, with chloride or 
nitrate of calcium. The calcium salts liable to precipita- 
tion under these circumstances are all soluble in acetic 
acid, except the oxalate and the fluoride. The precipitate 
produced by the calcium reagent is, therefore, treated 
with acetic acid ; if it completely redissolves, oxalates and 
fluorides are most probably idisent. The presence of not- 
able quantities of ammonium-salts renders this test of 
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uncertain value ; because tlie fluoride and many other 
salts of calciura are soluble in solutions of ammonium- 
salts. Since sulphate of calcium ia sparingly soluble in 
■water and acetic acid, the presence of a sulphate, cauaing 
precipitation of sulphate of calcium, obscures the reac- 
tion for oxalates and fluorides. Nitrate of calcium must 
be used instead of the chloride whenever silver or lead 
salts, or mercurous salts, are present in the aolution under 
examination. 

48. Illustration, of the Calcium Test. Prepare in a 
test-tube an aqueoue solution of phosphate, oxalate 
and tartrate of sodium. A very small quantity of each 
salt will be enough. The solution mil be neutral or 
faintly alkaline. Add to this solution a solution of chlo- 
ride of calcium (§ 134) until the precipitation is com- 
plete. Collect the white precipitate upon a filter, and, 
when drained, transfer it to a test-tube and treat it with 
acetic acid. The phosphate and tarfci-ate of calcium will 
redissolve, but the oxalate remains untouched. To verify 
this result, and identify each one of the sodium salts pre- 
sent in the original solution, special tests, to be hereafter 
described, must be resorted to. 

49. The Silver Test Nitrate of silver produces a pre- 
cipitate in neutral or acid solutions with all chlorides, 
bromides, iodides and cyanides, and in neutral solutions 
with most of the classes of salts enumerated in § 45. In 
order to obtain the most comprehensive negative conclu- 
sion in the case that nitrate of silver produces no precipi- 
tate, it is necessary to operate upon a neuti'al solution. 
If the original solution he neutral, the nitrate of silver 
may be immediately added to a portion of it. If no pre- 
cipitate appear after the lapse of several minutes, neither 



I .y Google 



5 SILVKE TEST. 



§49 



clilorides, bromicies, iodides, cyanides, sulpliides, phos- 
phates, araeniatee, arsenitea, chromates, eOieatea, oxalates, 
nor tftrtrates can be present. If the original solution 
contained any considerable quantity of a borate, the 
borate of silver would be precipitated under these condi- 
tions ; but a small proportion of some borate might es- 
cape precipitation. If the original solution be acid to 
test paper, add nitrate of silver to a portion of it in a test- 
tube, and then pour in upon the hquid some dilute am- 
monia-water, so gently that the two liquids do not mis at 
once. At Bome layer near the junction of the two dis- 
similar liquids, the fluid must be neutrah If at that layer 
no precipitate or cloud appear, the twelve kinds of salts 
above enumerated are absent. If the original solution is 
alkaline, dilute nitric acid is to be added in precisely the 
same manner as the ammonia-water in the opposite case. 
The neutral layer between the two liquids is attentively 
observed, and the absence of any film or cloud therein 
justifies the same sweeping conclusion as that above given- 
If any precipitate is produced by nitrate of silver, its 
color is to be observed, for some conclusions may often 
be drawn fi-om this color. Chloride, bromide, cyanide, 
oxalate, tartrate, silicate, and borate of silver are white ; 
iodide, phosphate, carbonate and arsenite of silver are 
yellow ; arseniate of silver is brownish-red ; chromate of 
silver is purplish-red ; sulphide of silver is black. "VVheii 
the silver precipitate is white, black, or of some obscure, 
indecisive color, the operations in the wet way at this 
stage should be directed to proving or disproving the 
presence of chlorides, bromides, iodides, cyanides and 
sulphides. To this end the portion of the original solu- 
tion which has been abready tested with nitrate of silver, 
should be made decidedly acid with dihite nitric acid. Of 
all the silver salts which can be precipitated on the addi- 
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tion of nitrate of silver, only the chloride, bromide, iodide, 
cyanide and sulphide can. resist dilute nitric acid. If 
the precipit-ate once formed rediaaolYes completely in 
nitric acid, no chloride, bromide, iodide, cyanide, or sul- 
phide was present in the original solution. If, on the 
contrary, a residue remain, one or more of these kinds of 
salts muat have been represented in the original solution. 
If the residue be blaci or blackish, the presence of a sul- 
phide is to be inferred ; if it be white or whitish, the ab- 
sence of sulphides and the presence of a chloride, bro- 
mide, or cyanide is to be inferred ; if it be distinctly yel- 
lowish, an iodide is probably present. An experiment 
will best illustrate the moat appropriate treatment of a 
e insoluble in nitric acid. 



50. Illustration of the SUver Test. Prepare in a test- 
tube a weak solution of chloride of sodium, iodide of 
potassium, cyanide of potassium, and phosphate of so- 
dium. Add nitrate of silver (| 131) to this slightly alka- 
liae solution, until the precipitation is complete. The 
dense precipitate is yellowish-white. Pour dilute nitric 
acid into the mixture, until the solution is sti-ongly acid ; 
shake up the contents of the tube thoroughly, and after 
the lapse of several minutes collect the insoluble precipi- 
tate on a filter, and receive the filtered hquid in a test- 
tube. If tlie filtrate be neutralized again with ammonia, 
a yeUow precipitate of phosphate of silver will reappear. 
The precipitate on the filter is then thoroughly washed to 
free it from the superfluous nitrate of silver. Wash the 
precipitate into a clean test-tube, decant the water from 
above it, pour over it ammonia-water, and gently heat the 
misture. The silver precipitate will visibly diminish in 
bulk, but a yellowish portion remains undissolved. Pilter 
again, and neutralize the filtrate witli nitric add ; a white 
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precipitate will fall. This experiment proves that a por- 
tion, but not all, of tho mixed silver salts which are in- 
soluble in nitric acid, are soluble in ammonia^water. The 
fact is that the chloride, cyanide and bromide of silver dis- 
solve in ammonift-water, the latter with difficulty, while 
the iodide is insoluble in that reagent. 

Special tests, hereafter to be described, are applied in 
order to confirm the presence of iodine, and to detect 
each and all of the three substances which are liable to 
be confounded in the white precipitate just mentioned. 

Cyanide of mercury does not give a precipitate with 
nitrate of silver. "When mercury has been detected in 
the substance under examination, cyanogen must be 
sought for in other ways (§ 56) than this. 

When the hquid under examination contains a ferrous 
salt, protochloride of tin, or any other active reducing 
agent, metalHe silver is hable to be precipitated as a dart, 
heavy powder. The examination for the metallic element 
will generally have revealed the presence of any such 



51. Nitrates, Oklorates, and Acetates. It is quite clear 
that no method of precipitation whatever will apply to 
nitrates, chlorates, and acetates, since these kinds of salts 
are all soluble in water. No insoluble nitrate, clilorate, 
or acetate is known. Special tests must be resorted to 
for these three classes of salts. 



I ..Google 



CHAPTER X. 

SPECIAL TESTS FOR THE NON-METALLIC ELEMENTS. 

52. We now proceed to indicate the most available 
special testa for the non-metallic elements and their com- 
moneafc compounds. It is noteworthy that the non- 
metallic elements enter into compoaition under -varioua 
forms, which produce with one and the same metaUio 
element vai'ious salts. Thns within the narrow range of 
this treatise, sulphur is to be sought in sulphides, sul- 
phates, sulphites and hyposulphites ; carbon in cyanides, 
acetates, carbonates, oxalates and tartrates, and arsenic in 
arsenites and arseniates. The Tarious classes of salts will 
be taken tip successively. It should be premised that 
these special tests are sometimes applied to the original 
solution, hefore the precipitation with chloride of barium 
and nitrate of silver, and sometimes during or after these 
more general testings. In the first case the student is 
seeking guidance in the application of the more compre- 
hensive testa ; in the latter case he is trying to confirm 
results ah-eady almost sure. 

53. Effervescenoe, When a solution containing a car- 
bonate, cyanide, sulphide, sulphite, or hyposulphite, or a 
misture of representatives of some or all of these Mnds 
of salts, is treated with chlorhydr ic add and then warmed, 
an evolution of gas occurs with more or less effervescence. 
The gases evolved are all colorless ; but they all have very 
characteristic odors except carbonic acid, the gaa which 
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escapes from a eavbonafce. A cyanide gives off tbo 
pungent odor of cyanbydric acid. A sulphide yields sul- 
phuretted hydrogen of iamiliar presence. Sulphurous 
acid escapes from sulphites and hyposulphites alike ; but 
in the latter case a deposition of avilphur makes the liquid 
turbid. If only one of these gases were present, the effer- 
vescence and the smell ■would identify it ; but wbeD mix- 
tures are to be dealt -with, further means of identification 
are necessary. 

54. Carbonates. To prove tlie presence of carbonic 
acid ga^, when effervescence has occui-red, add chlor- 
hydric acid, little by little, to the effervescing solution, 
until the acid is decidedly in excess ; meanwhile keep the 
mouth of the test-tube loosely closed with the tliumb to 
promote the accumulation of the gas evolved. When the 
tube is supposed to be full, carefully decant the gas into 
a second test-tube contauiing a teaspoonful of Hme-water 
(§ 133), taking care not to allow any of the Hquid to pass 
over with the gas. Mix the lime-water and the go^ in the 
second test-tube by thorough shaking. A white precipitnte 
of carbonate of calcium will be produced, if the gas tested 
is, or contains, carbonic acid. 

If the effervescence is slight, and the quantity of gas 
evolved seems too small to be decanted in this way, dip the 
end of a dark-colored glass rod into lime-water, and 
thrust the m.oietened end into the teat-tube, bringing it 
close to the surface of the fluid. If the gas be carbonic 
acid, the lime-water adhering to the rod will become 
visibly turbid. 

The student who desii-es to see the working of thia test 
before havuig occasion to apply it in an actual analysis, 
can operate upon a morsel of carbonate of sodium dis- 
solved in a little water. 
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§§ 55, 56 CYANIDES — SULPHIDIK. 8S 

55. Cyanides. When the smell of tlie gas whiti 
escapes from the solution tinder examination (§ 53), or 
the quitlities of the precipitate with niti'ate of silver 
(§1 49, 50), give occaaion to suspect the presence of a 
cyanide, the following confirmatory test may be resorted 
to : — ^Add to the solution supposed to contain free cyan- 
hydric acid, or an alkaline cyanide, a few drops of a solu- 
tion containing both a ferrous and a ferric salt (a solution 
of ferrous snlphate which has been exposed to the air, for 
example), and a small quantity of caustic soda solution. 
If cyanogen ia present, a bluish g^-een precipitate forms, 
which consists of a mixtui-e of Prussian-blue and the 
hydrates of iron. Warm the liquid, and add to it an. 
escess of chlorhydrie acid. The hydrates of iron dissolve, 
but the Prussian-blue remains undissolved. 

If only a very small quantity of cyanogen be present, 
the liquid simply appears green after the addition 
of chlorhydrie acid, and it is only after long standing 
that a trifling blue precipitate separates from it. 

This test may be well illustrated by means of a small 
particle of cyanide of potassium dissolved in a teaspoon- 
ful of water. 

To detect cyanogen in cyanide of mercury, it is neces- 
sary to precipitate the mercury as sulphide, by means of 
sulphuretted hydrogen, and to identify the fi-ee cyan- 
bydric acid in the filtered or decanted fluid. 

58. Sulphides. Many sulphides give off sulphuretted 
hydrogen when heated with chlorhydrie acid. If the 
quantity of gas is so small that its odor is imperceptible, 
the lead-paper test (§ 31) should be applied. 

When sulphides are dissolved in nitric acid or aqua- 
regia, their sidphur is partly separated in a free state and 
pai'tly converted into sulphuric acid. The free sidphur is 
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identified by ita color and texture, and by its behavior 
when bm-nt. The sulphuric acid in the liquid is detected 
in the usiml manner (§§ 45, 46). 

57. Sulphites. All the sulphites evolve aulphuroiis acid, 
without any depoaition of sulphur, when treated with 
chlorhydrio acid. The very sharp odor of this gaa ia 
enough to identify it. 

As has been before stated, nitrate of silver produces in 
aolutiona of sulphites a white precipitate ; but this preci- 
pitate blackens when the liquid is boiled, on account of 
the reduction of silver. 

AVhen the sulphites are heated with strong nitric acid, 
or other powerful oxidizing agent, they are converted into 
sulphates without precipitation of sulphur. The sul- 
phates so produced may be identified in the usual way 
{§§ 45, 46). 

58. Ilyposulphiles. The hyposulphites disengage sul- 
phurous acid and depcrait sulphur when warmed with 
ehlorhydric acid. This decomposition is not immediate 
if the solution be dilute. 

The precipitate produced in the solution of a hyposid- 
phite by nitrate of silver, dissolves again readily in an 
excess of the hyposulphite. On standing, the precipitate 
of hyposulphite of silver turns black spontaneously, being 
decomposed into sulphide of silver and sulphuric acid. 
Heating produces this effect almost immediately. 

Hyposulphite of sodium is a good salt from which to 
get the above reactions of hyposulphites. 

59. Dui-ing the examination for the metaUic elements, 
chromium and arsenic are detected, and the analyst gen- 
erally obtains pretty certain evidence concerning the 
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§§ 60, 61 CHROMATES— Al^ENITES AND AESENIATES. 87 

actual coiiclition in wliich these elements enter into the 
substance under examination, whether as cliromate or 
sitlfc of chromium, as ai-senite or arseniate ; for a chro- 
mate ia reduced with cliange of color (§ 22), and sulphide 
of arsenic ia thrown down immediately from an arsenite, 
but only after long contact with sulphuretted hydrogen 
from an arseniate. To confirm the indications then ob- 
tained, the following tests are used. 

60. Ghromaies. When acetate of lead (§ 137) is added 
to 0. neutral solution of a ohromate, yellow clnomate of 
lead separates, insoluble in acetic acid, but soluble in 
caustic soda. 

As Las been before stated, the purplish-red color of 
chromate of silver (§ 49), and the yellow color of chro- 
mate of barium (§ 46), are yalnable indications of the 
presence of a chromate. 

A solution of normal chromate of potassium ia the best 
substance from which to obtain for the first time the re- 
actions of chromates. 

61, Arsenites and Arseniates. Though sure of the pres- 
ence of ai'senic, the analyst is often left in doubt wliich 
of these two classes of arsenic compoimds he has to deal 
with. Discriminating tests are necessary. 

A neutral solution of an ai'senite yields with nitrate of 



siSver a yellow precipi 
solution of 
brownish-red precipi 



pitate of arsenite of silver. A neutral 
niate gives with the same reagent a 
pitate of arseniate of silver. Both 
these precipitates are readily soluble in dilute nitric acid 
and in ammonia, and they are by no means insoluble in 
nitrate of ammonium. If solutions containing free arse- 
nions or arsenic acid are to be tested, they must first be 
cautionsly neutrahzcd with tlie least possible quantity of 
anlmonia-wafcer. 
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Tlie above tests are generaJly sufficient, but circum- 
stivnces may arise in which tliey would be inapplicable. 
The following tests afford fui'ther means of disci-imina- 

If to a solution of arsenious acid or an arsenite, caustic 
soda be first added in excess, and then five or sis drops 
of a dilute solution of sulphate of copper, a clear bluish 
liquid is obtained, which, npon boiling, depoaite a red 
precipitate of dinoxide of copper (CUjO), while soluble 
arseniate of sodium is simultaneously produced, aud re- 
mains in the solution. This test is good as a means of 
distinguishing between araenitea and ai'seniates when no 
organic matters ai'e contained in the solution under ex- 
amination. The qualification is necessary, because grape- 
sugar and many other organic substances exercise a like 
reducing action on copper salts. 

If a solution of arsenic acid, or of an arseniate soluble 
in water, be added to a clear mixture of sulphate of mag- 
nesium, chloride of ammonium and ammonia-water 
(§ 139), a crystalline precipitate of arseniate of magnesium 
and ammonium will separate, after an interval which is 
short in proportion to the concentration of the arsenic 
solution. 

62. Sulphates. The chloride of barium test (§§ 45, 
46) is all-sufficient for the detection of sulphates. The 
operator should make sure that the chlorhydric acid 
itself contains no sulphuric acid, that an excess of acid is 
really present, and that the solution is tolerably dilute. 
Concentrated acids and strong solutions of many salts 
impah' the delicacy of the reaction. 

63. Phosphates. When the previous steps of the 
analysis have proved that the phosphates present in the 
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solution uncler exammation are soluble in ammoniaeol 
liquids, and that no arsenic acid or arseniates are present, 
the following test ■will satisfactorily identify a pliospliate 
or free phosphoric acid : — 

Add to the solution to be tested a clear mixture of sul- 
phate of magnesium, chloride of ammonium and ammo- 
nia-water (§ 139). When a phosphate or free phosphoric 
acid is present, a white, crystalline precipitate of phos- 
phate of magnesium and ammonium is formedj even in 
very dilute solutions. StiiTing and shaking promote its 
separation. The precipitate dissolves readily in acids. 

When arsenic acid or arseniates are present in the 
original mixture, this test for phosphates can still be ap- 
plied, if all the arsenic be previously removed by precipi- 
tation as sulphide (§ 23). The magnesium mixtin;e can 
be used in the filtrate from the sulphide of arsenic. 

The preceding test can only be applied when the phos- 
phate present is soluble in ammoniacal solutions. The fol- 
lowiDg test is of much more general application ; it can be 
used in presence of arsenic acid, and is applicable to 
either neutral or acid solutions of phosphates ; it is also 
extremely delicate. 

When two or three drops of a neutral or acid solution 
of a phosphate (even of iron, aluminum, barium, stron- 
tium, calcium or magnesinm [compare § 27]), are poured 
into a test-tube containing four or five teaspoonfuls of a 
solution of molybdate of ammonium in nitric acid (§ 115), 
there is formed in the cold a pale-yellow precipitate which 
is apt to gather upon the sides and bottom of the tube. 
If the precipitate does not appear in a few minutes, a few 
drops more of the solution to be tested may be added. 
This precipitate is soluble in an excess of phosphoric and 
other acids ; and certain organic substances also prevent 
its foi-mation. A yellow coloration of the liq^uid merely 
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is not enough to proye beyond question the presence of a 
phosphate ; a precipitate must be waited for. The yellow 
precipitate cau be easily recognized, even in dark-colored 
liquids, when it has settled. The solution to be tested 
must not be heated, nor must it be more than blood- 
warm. 

Phosphate of sodium is the best substance on which to 
ttj the teat for phosphates. 

64. Oxalates. The precipitation of white, finely divid- 
ed oxalate of caleium, by all soluble calcium salts, from 
solutions of oxalates or oxalic acid, has been already de- 
scribed (§48). Even the solution of sulphate of calcium 
gives this reaction with oxalates. 

If oxalic acid, or an oxalate in the dry state, be heated 
in a test-tube with an excess of concentrated sulphuric 
acid, a mixture of carbonic oxide and carbonic acid is set 
free with eflfervescenee ; the carbonic acid raiiy be identi- 
fied by the lime-water test ; and if the quantity operated 
upon is considerable, the carbonic oxide may be inflamed 
at the mouth of tlie tube. 

G5. Tartrates. Tartaric acid and the tartrates, wlien 
heated in the dry state char, and emit a very character- 
istic odor which somewhat resembles that of burnt sugar. 
This is the only class of salts, among all those within the 
scope of this treatise, which exhibit this carbonization 
by heat. Strong sulphuric acid blackens tai-tario acid 
and the tartrates. 

To confirm the presence of tartaric acid, or a tartrate, 
in any Hquid supposed to contain it, a concentrated solu- 
tion of acetate of potassium is added to the liquid, and 
the mixture violently shaken. The precipitate, when one 
forms, is a difficultly soluble acid tartrate of potassium. 
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The addition of an equal -volume of alcohol inci-cases 
tlie delicacy of the reaction, I'lie more concentrated 
the solution to be tested, the better. To prepai-e the 
requifed solution of acetate of potassium at the moment 
of use, mb together in a dish half a teaepoonful of car- 
bonate of potassium and as many drops of acetic aeid. 
as will dissolve three-quarters of the carbonate ; throw 
the mixture on a email moistened filter and use the 
filtrate. 

Tartaric acid is a good substance fi-oia which to get 
these reactiona. 

66. Sondes. To confirm the presence of a borate, 
strong sulphuric acid is mixed with the dry substance 
under examination in quantity sufficient to make a thin 
paste, and an equal bullc of alcohol is added to the 
mixture. The alcohol is then kindled. Boracio acid 
imparts to the alcohol flame a yellowish-green color. 
The test is made more dehcate by stii-ring the mixture, 
and by repeatedly extinguishing and rekindling the 
flame. Copper salts impart a somewhat similar color to 
the flame ; but tliis metal, if present, may be got rid of 
by sulphtiretted hydrogen before testing for boracic 
acid. 

If a solution of boracic acid, or of a colorless borate, 
is mixed with chlorhydrio acid to slight but distinct acid 
reaction, and a slip of turmeric paper (§ 149) is dipped 
liaK way into the Uquid and then dried at 100° C, the 
dipped half shows a peculiar red tint. This test is deli- 
cate, but there are a few other solutions wliich impart, 
not the same, but somewhat similar tints to turmeric 
paper. 

The reactions of borates may be obtained with a fran-- 
ment of borax. 
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67. Silicates. The silicates of sodium and potassium 
are the only silicates wMch are soluble in water. The 
solutions of these alkaline sUicates are decomposed by all 
acicb. If chlorhydric acid is added gradually to a strong 
solution of an alkahne silicate, the greater part of the 
silicic acid separates as a gelatinous hydrate. As a i-ule, 
the more dilute the fluid, tho more silicic acid remains ia 
solution. 

If the solution of an alkaline silicate, mixed Tvith 
chlorhydric or nitric acid in excess, he eTaporated to 
dryness, silicic acid separates ; if the dry mass be ignited 
and then treated ■with dilute chlorhydric or nitric acid, 
the whole of the silicic acid remains insoluble in the free 
state, as a gritty, whitish powder, while the other sub- 
stances diaaolv.e. 

A solution of chloride of ammonium produces a gelati- 
nous precipitate in strong and moderately dilute solu- 
tions of the alkaline silicates. This precipitate is hydra- 
ted silicic acid containing alkali. 

A. solution of watei^Iass is the best substance in which 
to study the reactions of the silicates of the alkah-metals. 

63. Fhtorides. If a finely pTiIverized fluoride is heat- 
ed in a small leaden capsule or platinum crucible with 
concentrated sulphuric add, fluorhydric acid k dis- 



Coat with wax the convex face of a watch-glass large 
enough to cover the capsule, by heating the glass cau- 
tiously, and spreading a small bit of wax evenly over it 
while the glass is hot. Trace some hnes or letters 
through the wax with a pointed instrument of wood or 
horn. Fill the hollow of the glass with cold water, and 
coYGr with it the capsule which contains the fluoride mix- 
ture. Heat the capsule gently for half an horn- or an 
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hour. Then remo-vo the watch-glass, dry it, lieafc it cau- 
tiously to melt the wax, and wipe it with a bit of paper. 
The lines or letters traced through the wax will be iound 
etched into the glass. A barely perceptible etching ia 
made more -risible by breathing upon the glass. If much 
silicie acid ia present, this reaction fails. 

"When a fluoride, naturally combined or artificially 
mixed with silica, is heated with sti'ong sulphuric 
acid, fluoride of silicon is evolved. This reaction ia 
available as a teat for fluorine. 

A mixture of the supposed fluoride and fine dry sand 
is heated ia a short, dry test-tube, with concentrated sul- 
phuric acid. A drop of water, caught in the loop of a 
clean platinum wire, is held in the mouth of the test-tube. 
This drop of water becomea merely dim, quite opaque, or 
almost soUd with siheie acid, according to the quantity of 
fluoride of silicon evolved from the mixture. The gaaeoua 
fluoride of sihcon shows white fumes when it comes in 
contact with moist ah\ If a considerable quantity of 
fluoride of silicon be evolved from the misture tested, it 
can be decanted into another test-tube, and there shaken 
up with water. If the substance to be tested for fluorine 
is Icnown to contain sihca, it is, of course, unnecessai-y to 
add sand to it. Thia method applies to all fluorides de- 
composable by hot sulphuric acid. It is evident that tliis 
test reversed can be applied to the detection of sihca. 

Fluoride of calcium (fluor-spar) is a good material 
from which to obtain these two tests for fluorine. 

69. Chlorides. Tlie following confirmatory teat ia ap- 
phed to chloridea in the dry state : — 

When a chloride, in powder, is heated in a test-tube 
with black oxide of manganese and atrong sulphuric 
acid, chlorine gas is evolved ; this gas is recognized by 
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its odor, greeniab-yellow color, and reaction with iodo- 
starch paper. Tlie gaa evolved by a chloride gives no 
colored reaction with starch alone ; but when a moiatened 
Blip of paper, on which a mixture of starch paste and 
iodide of potaasittm (g 130) has been spread, is held in 
an atmosphere or current of chlorine, the paper is colored 
blue in consequence of the liberation of iodine which the 
chlorine effects. The yeUow color of the gaa ia best seen 
by looking lengthwise tiu'ough the tube. 

70, Bromides. The confirmatory tests for bromides 
depend upon the setting free of bromine itself. 

Hot nitric acid liberates the bromine from all bromides 
except those of silver and mercury. In solutions, the 
free bromine produces a yellow coloration ; when set free 
from sohd bromides, the brownish-yellow vapors of bro- 
mine condense into a liquid upon the cold walls of the 
tube. 

"\Vhen bromides, in powder, are heated in a test-tube 
with black oxide of manganese and strong sulphuric acid, 
brownish-red vapors of bromine are evolved. If chlo- 
rides are also present, the bromine will be mixed with 
chlorine. 

To identify bromine and distinguish it from chlorine, 
moistened starch is brought into contact with the free 
bromine. A yellow or orange-yellow coloration of the 
starch marks the presence of bromine. To apply this 
test, thrust a rod smeared with atarch-paste into the tube 
which contains the bromine vapors ; or, when greater 
dehcacy is requisite, perform the experiment which is 
expected to hberate bromine in a very small bealcer, and 
cover this beaker with a watch-glass to whose under-side 
ia attached a bit of paper moistened with starch-paste 
and sprinltled with dry starch. 
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Bromide of potassium is a good aiibstaiicc with whioli 
to study the teata for bromine. 

71. Iodides. "When an iodide, in the sohd form or in 
solution, is heated ■with etrong nitric acid, iodine is libe- 
rated and subhmes in yiolet yapors. 

Free iodine in vapor is recognized by the deep blue 
color which it imparts to star cii -paste. Vapors may be 
tested by bringing into contact with them a glass rod 
smeared with thin starch-paste, or a slipT)f white paper 
on which the paste has been spread. 

The best method of detecting iodine in a solution is 
to add a few drops of thin, clear starch-paste to tlie 
Kquid, and then set free the iodine by means of nitrite 
of potassium (g 129), as follows : — The cold fluid to be 
tested is acidulated with dilate chlorhydric or sulphuric 
acid, after the addition of the starch-paste, and a drop or 
two of a concentrated solution of nitrite of pot^aium is 
then added. A. dark blue color will be instantly pro- 
duced. It is essential that the liquid should be kept cool, 
for the blue coloration is destroyed by heat. 

Ijike chlorine and bromine, iodine is liberated by heat- 
ing an iodide with black oxide of manganese and sulphu- 
ric acid. The iodine ao hberated is readily distinguished 
by the above testa. 

The student can try all these tests for iodine with a 
small crystal of iodide of potassium. 

"72. Nitrates. To confirm the presence of a nitrate, 
one or both of the two following tests may be need : — 

If the solution of a nitrate is mixed with an equal 
volume of etrong sulphuric acid, the mixture cooled in 
cold water, and a concentrated solution of ferrous sul- 
phate then cautiously added to it in such a way that the 
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two fluids do not mix, tho etviitiun of contact shows fi 
purple or reddish color, which ctiangea to a brown. If 
the fluids aie then mixed, s. clear, brownish-purple hqaid 
is obtained. The color fades on heating. Another way 
of performing the same test is to di'op a crystal of cop- 
pei-as into the cold mixture of nitrate and sulphuric aoid. 
There forma around the crystal a dark halo, which dis- 
appears with a kind of effervescence on the application 
of heat. It is, of course, essential that the sulphuric 
acid employed for this test should be so free from niti-io 
and hyponiti-ic acids, as not iteeif to give this reaction 
with ferrous sulphate. 

Boil some chlorhydric acid in a test-tube, add to it one 
or two di-opa of a dilute solution of sulphindigotic acid 
(§ 147), and continue the boiling a moment. If the 
chlorhydric acid is sufficiently free from chlorine, the re- 
sulting liquor ■will be of a faint blue color. If a nitrate, 
either soUd or in solution, be added to this liquid, and 
the mixture be ^ain boiled, the liquid will be decolor- 
ized. This reaction is delicate ; but there are some other 
substances, especially fi'ee chlorine, which have a like 
bleitcliing effect. 

Nitrate of potassium is a suitable material on which to 
illustrate the tests for nitrates. 

"73. Chlorates. The preliminary examination gives 
warning of the presence of chlorates. 

"When a few particles of a chlorate in the solid form 
are covered with two or three times as much strong sul- 
phuric aoid, and the mixture is gently warmed, the liquid 
becomes intensely yeUow, and a greenieh-yeUow irritating 
gas of peculiar odor (hypochlorie acid, 010«) is evolved, 
which explodes with violence at a moderate heat. After 
tliis decomposition, the gas evolved has the characteristic 
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odor of chlorino. The quantity of chlorate operated 
upon should be very small. 

The solution of a chlorate decolorizes indigo- solution 
precisely like the solution of a nitrate, imder like con- 
ditions (§ 72). 

A chlorate is converted by ignition into chloride, from 
a solution of ■which nitrate of silver precipitates the 
chlorine. 

Chlorate of potassium niustrates very well the reac- 
tions of chlorates, 

74, Acetates. "When acetates are moderately heated 
with stroug Bulphiu-ic acid, hydrated acetic acid distils 
from the mixtui-e, and may be recognized by its pungent 
odor, 

"When an acetate is heated with alcohol and sulphuric 
acid in equal volumes, acetic ether is foi-med. The agree- 
able odor of "this ether is highly chai-acteristic. 

Hot concentrated sulphui-ic acid produces no blacken- 
ing with an acetate. 

"When a few drops of a solution of ferric chloride 
(§ 140) are added to a solution of a neutral acetate, or to 
a solution of an acetate previously neutrahzed with 
ammonia, the Hquid acquires a dark red color, because of 
the formation of ferric acetate. If the liquid contain an 
excess of the acetate, a basic acetate of iron is precipi- 
tated in yellow flocks upon boiling, and the fluid finally 
beconies colorless. 
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PAliT SECOND, 



PEELIMINAKY TREATMENT. 



THE ORDER OF 

75. The aubataiice to be examinod may be either solid 
or liquid. We shall consider first the preliminary treat- 
ment oi a solid ; afterwards that of a liquid. The sohd 
may be a metallic substance, that is, a pure metal or an 
alloy, or it may be a salt, mineral, or other non-metallic 
Tiody. The method of procedure differs in the two cases. 
We shall deacribe fii-at the treatment of a salt, mineral, 
or other non-metallic substance. The two following 
observations, however, apply to all cases. The student 
should, in the first place, learn as much aa possible from 
the external properties of the substance to be analyzed, 
from its color, consistency, and odor, if it is a liquid ; 
from its color, texture, odor, lustre, hardness, gravity, and 
crystalline or amorphous structure, if it is a sohd. By 
attentively observing the characteristics or individual 
peculiarities of every substance which passes through his 
hands, the student will soon learn to recognize many sub- 
stances at sight, — by far the quickest and easiest way of 
identifying them. Secondly, since the original substance 
must be several times reverted to in order to complete i.n 



I .y Google 



100 CLOSED-TUBE TEST. § 7G 

analysis, the student should husband his stock of the 
substance to be aualyaed, neyer employing the whole of 
it for any single course of experiment. It is well also to 
reserve a portion for ttuforeseen contingencies. 



CHAPTEE XI. 



A. PBELIMINART EXjUnNATION IN THfi I 



e Te^. Prepare a hard glass tube No. 4 
(§ 171), about 3 inches long, and closed at one end. Let 
fall into this tube a miaute fragment of the sohd, or a 
little of its powder. If the substance be used in powder, 
■wipe out the tube with a tuft of cotton on a wire, in order 
that the interior walls of the tube may be clean to receive 
a sublimate. Heat the substance at the end of the tube, 
at first gently ia the lamp, but finally intensely in the 
blow-pipe flame. The following are the most noteworthy 
reactions with the inferences to be drawn from them ; it 
not unfrequently happens that a single substance gives 
several of these reactions : — 

I. The mihstance blackens, and gases or vapors are 
evolved. These vapors often have a disagreeable smell, 
sometimes like that of burnt sugar, paper, or feathers. 
Sometimes they condense in tarry droplets ; water also 
condenses on the cold part of the tube. These appear- 
ances indicate the presence of organic substances. 

Now, the presence of fixed organic matter interferes 
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with the detection of many substances, and it must be 
destroyed before the analysis can be proceeded with. A 
portion of the original substance, snfficient for the regular 
course of examination for the metaiUc elements, is ignited 
in a porcelain crvicible, with free access of air, or on pla- 
tinum foil, if the presence of no metal be snspected, until 
all the carbon is burnt out of it. This ignition ia beat 
performed on succeaaive smaU portions rather than on a 
large mass at once. 

It ia obTiouB that some inorganic Tolatile matters may 
be lost during this ignifcion. Furthermore, some sub- 
stances, especially alumina and chromic and ferric oxides, 
are made very inaoluble by ignition. Exceptionally, 
therefore, the following process, which is not liable to 
theae objections, ia employed: — The substance in powder, 
paste, or concentrated solution, is heated in an e^apora- 
ting-dish, with sti-ong nitric acid, to a temperature just 
below boiling. To this hot mixture chlorate of potassium, 
in smaU bits, is added gradually, until the organic matter 
is all destroyed. The solution is then evaporated to dry- 
ness on a water-bath ; the dry residue is moistened with 
strong chlorhydric acid, the mixture diluted with water, 
■warmed and filtered, if there be any residue. The filtrate 
is fit for the regular course of analysis, except that potas- 
sium, having been added, must not be tested for in this 
liquid. The residue, if any, must be examined for the 
insoluble chlorides of Class L Tills process is simply a 
combustion at a low temperature. 

Simple blackening is not proof of the presence of or- 
ganic bodies. Some salts of copper and cobalt, for ex- 
ample, blacken through the formation of a black oxide. 

"When organic matter is shown to be present, the 
student should look particularly for acetic (§ 74) and tar- 
taric (§ G5) acida ; but he will not forget that there axe 
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Irandreds of organic acids which are not comprehended 
in the plan of this treatise. 

n. The substance does not cai'bonize, but vapors or 
gases escape from it. The most important are :— 

a. Aqueous vapor, which condenses in the upper part 
of the tube. Test this water with litmus paper ; if it is 
alkaline, ammonia may be suspected ; if acid, some Tola- 
tile acid (H^jSO^, HCl, HEr, HI, BM, HNO3, &c). 

Zi. Oxygen, recognized by its relighting a glowing 
match. This gas indicates nitrates, chlorates, and perox- 
ides. If tlie heated substance fuses, and a small frag- 
ment of charcoal thrown in is energetically consumed, 
the presence of a nitrate or chlorate may be assiuned. 

c. Syponitric acid, recognized by the brownish-red 
color of the fumes. It residta frora the decomposition of 
nitrates. 

d. Sulphurous acid, recognized by its odor. It not un- 
frequently results from the decomposition oJ sulphates, 
sulphites, and sulphides. 

e. Carbonic acid, derived from decomposable carbon- 
ates, and to be recognized by hme-water (§ 54). 

/. Cyanogen, derived from decomposable cyanides, 
and to be recognized by its odor, and the blue flame with 
which it bums when there is enough of it to be lighted. 

g. Sulphydric acid gas, derived from moist sulphides 
and to be known by its smell. 

h. Ammonia, resulting sometimes from the decompo- 
sition of ammoniaeal salts. 
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in A aiibliinitQ fu is 1 eyo 1 1 the heated portion of 
the tube Tl p whole of the sal stance may Tolatilize. 
The f llowmp, aie the commonest &ubhmatea : — 

a Sulphi which suDhmes m reclTieh drops. The 
snhhmate hecon^es sohd md }Uluw ui ycllo wish-brown, 
on coohng 

b Ammc u m all g y6 ■nh te 'Jul liniatea. Test a 
eep "irate small porfcian cf tlie ozigmal substance for the 
salts of imm ^mnm by mix ng it in a smaE teafc-fcube with 
an equal bulL. ot slake 1 lime and a few drops of water, 
and heating thp mixture Ammoi la when evolved, may 
be recognized by its smell, and by the white fnme pro- 
duced when a rod, moistened with a mixture of eqiial 
parts of strong chlorhjdric acid and water, is held above 
the mouth of the tube. Unless the original solid ia ob- 
viously inalterable by heat, it should be invariably tested 
in this way for ammonium-salts. 

c. Mehdlie mercury and some of its compounds. The 
metal aubKmea in metallic droplets. The two chlorides 
of mercury give sublimates which are white when cold. 
The red iodide of mercury gives a yellow sublimate. The 
sulphide of mercury gives a dull black sublimate. 

d. Arsenic and some of its eompoudns. Metallic arsenic 
gives a black sublimate of metallic lusti'e. Arsenious 
aeid gives a white sublimate, which looks crystalline 
tinder a magnifying lens. The sulphides of arsenic give 
sublimates which are brownish-red while hot, but reddish- 
yellow to red when cold. These aubhmatea look not un- 
like that of pure sulphur. 

e. T&romde of antimony first fuses to a yeUow liquid, 
and then gives a white sublimatej composed of needle- 
like crystals. 
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/. Oxalic acid gives a white, crystalline subliuiato, 
with dense fumes in the tube. 

The inferences to be drawn from this simple preliminary 
experiment are of very unequal value. Thus the detec- 
tion of organic matter is of the first importance, because, 
aa has been seen, such matters must be got rid of before 
the-analysis can be proceeded with. Again, nitrates and 
chlorates should be detected with a good degree of cer- 
tainty by their reactions in the dosed tube. Thirdly, the 
presence, or entire absence, of ammoiiiutfl-salts should be 
put beyond doubt at this first stage of the examination. 
Fourthly, the presence of mercury, or of mercurous salts, 
determines the choice of the acid solvent in favor of 
nifci'ic acid, in case water wiU not dissolve the substance 
under examination (§ 81), and the presence of mercuric 
salts renders necessary the substitution of sulphydrate of 
ammonium for sulphydrate of sodium as the solvent for 
the sulphides of Class III (§ i3). Accordingly, it is useful 
to get information of the presence of mercury or its com- 
pounds at this early stage of the examination. As to the 
other appearances, they give information which may be 
convenient, but is never essential for the safe conduct of 
the regular course of analysis. They have been desciibed 
because they may occur with or instead of the really im- 
portant reactions. 

T7. Eediiciion Tesi. Mix a little of the powder of the 
substance under examination (the bulk of a hemp-seed) 
with an equal quantity of carbonate of sodium, and 
make the mixture into a pasty ball with a small drop of 
water. Select a piece of dry, well-burned, soft-wood 
charcoal, and cut out of it a rectangular block about 6 
inches long, 1^ in, wide, and -^ to | in. thick, having its 
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flat, smooth surface (6 in. by IJ in.) at right angles to the 
rings of growth in the tree. It is this surface which is 
always to be used, A good piece of charcoal may be 
made to serve for many ^says, by filing off the used sur- 
face and exposing a new one. At a quarter to half an 
inch from the end of such a piece of charcoal, scoop out 
with a penknife a little cavity of the size of half a pea. 
Place the prepared peUet in this cavity, and expose it for 
severtJ consecutive minutes to the reducing flame of the 
blow-pipe (§ 167). 

Under these conditions, vapors of characteristic odor 
or appearance may be evolved ; some of them will be 
mentioned below. The two objects, however, to which 
attention is specially to be directed are the residue in the 
cavity and the incrustation on the charcoal outside of the 
cavity. 

The following metals may be found as fused metallic 
globules in the cavity ; lead, silver, and gold are reduced 
with ease, even by an inexperienced operator ; tin and 
copper with some difficulty : — 

a. Gold — a yeUow, maUeablo globule, produced iviUi- 

out incrustation. 

b. Copper— a red, malleable globule, produced without 

incrustation. 

c. Tin — a bright, white, malleable globule. An in- 

crustation is simultaneously produced, which 
is faint yellow when hot, and white when 
cold ; it immediately surroimds the globule. 

d. lead— a very fusible and very malleable globule. 

A yellow incrustation is simultaneously pro- 
duced. 

e. Silver — a brilhant, white, malleable globule, pro- 

duced wiUiout iiicrustation. 
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Two other common metiils, bismuth and antimony, 
may be reduced to gray metallic globules ; but these 
globules are brittle, and are not liable to be confounded 
■with the malleable globules just described. Bismuth 
gives a yellow incrustation which resembles that of lead. 

Common charcoal ia itself very apt to show a grayisli 
incrustation of ash round about the heated assay ; this 
incrustation remains unaltered or increases, when directly 
exposed to the flame. The student should test each piece 
of charcoal before the blow-pipe flame, in order that he 
may not imagine a deposit of ash to be an incrustation 
derived from the substance under examination. 

If a distinct globule has been obtained, it must be 
picked out with a pair of jewellers' tweezers, and pounded 
on some smooth and hard body to test its malleability. 
If it is malleable, replace it upon the charcoal at an un- 
used spot, and heat it strongly with the oxidizing flame. 
Gold and silver globules fuse, but maintain their brilliancy 
and give no incrustation ; this proof distinguishes a 
genuine gold globule from a yellow globule composed of 
an alloy of copper and some white metaL A yellow 
globule composed of oxidiaable m.etals tarnishes instantly 
in the oxidizing flame. A tin globule fuses, but its bright 
surface is instantly taniished, and a white mcrustation of 
binoxide of tin is produced which cannot be driven off by 
either flame. A lead globule is rapidiy converted into 
htharge, a yellow incrustation being produced, which 
volatilizes with a bluish color when touched with the 
reducing flame. A copper globide is blackened by the 
formation of oxide of copper, and the blow-pipe flame is 
tinged with green. 

Certain other phenomena may manifest themselves 
during the experiment for the reduction of malleable 
metaOic globules. Sulphur, ammonium-salts in general. 
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the chlorides, bromides, iodideB, imd sulphides of sodium 
and potassiimi, the chlorides of lead, biBiautli, tin and 
copper, m.efcallic mercury, arsenic, antimony and zinc, and 
many compounda of these fovir elements, are Uable to pass 
off in Yapors, which are often in part deposited upon the 
coal at a greater or less distance from the hot assay 
according to their Tolatility. With the exception of sul- 
phur, tliese sublimates are wtite, but when deposited in 
a thin film upon the black coal they have a gray or blue 
appearance. During the production of the arsenic 
sublimate a peculiar odor ia eTolved ; this sublimate 
being very -volatile is only deposited at a considerable 
distance from the assay. The incrustation produced by 
zinc is distinctly yellow while hot, but turns white on 
cooling ; it settles near the assay and is driven away again 
with difficulty. 

These phenomena are ail of secondary importance ; the 
main object of the esperiment is the reduction of the five 
malleable metals above enumerated. "We may thus obtain 
knowledge of the presence of gold (for a confirmatory 
test, see § 92, b), a metal not included in our scheme of 
analysis in the wet way. Tin generally gives warning of 
its presence during this experiment ; and this warning is 
of use, because it is inconvenient to apply nitric acid as a 
solvent to a substance containing tin, since this reagent 
converts tin into the very insoluble binoxide of tin. 
The detection of copper at this stage is of little ad- 
vantage. The most important fact deducible from 
the reduction-test is the presence of either silver or 
lead. 

In dissolving an unknown substance which proves to 
be insoluble in water, it is customary to try, as the second 
solvent, cblorbydrie acid. The chlorides of silver 
and lead being insoluble, or difficultly soluble, tliis 
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acid slioiild not be used as a solvent when either 
of these two metals is present. Nitric acid must be used 
instead. 



E, DissoLvrcra a salt, mikeeal, oe otiteb son*i 

SOLID, FEJSE rBOM OHOANIO MATTEE, 

78. Before a solid substance can be submitted to the 
systematic course of analysis, it rauat be brought into bo- 
lution. There is no imiversal solvent. Different sub- 
Btauces require different solvents. The four solvents 
employed in qualitative iuialysis for salts, minerals, and 
other non-metallic solids, are water, chlorhydric acid, 
nitric acid, and aqua-regia ; and these four liquids are 
invariably to be tried in the precise order in ■which they 
here stand. Water is always to be tried first ; to what- 
ever resists water, strong chlorhydric acid is applied ; if 
chlorhydric acid fails to dissolve the soKd completely, or 
is unsuitable, for reasons disclosed in the preliminary 
examination as just explained, nitric acid is tried, and 
after nitric acid, aqua-regia as the last resort. A solid 
substance should invariably be reduced to a very fine 
powder, before being submitted to the action of solvents 
(I 180). 

79. Dissolving in woler. About half a tliimblcful of 
the powdered substance is boiled with ten times as much 
water in a tost-tube. If an effervescence occui^s, as is 
possible with mixtures containing an acid salt (yeast- 
powders, for example), the gas evolved should be carefully 
tested (§§ 53-5S). If the substajiee dissolves completely, 
tlie solution is ready for analysis. "When undissolved 
powder remains in the tube after protracted boiling, filter 
a few drops of the liquid, and evaporate a drop or two of 
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the filtrate to dryness on clean platmum foil, at aa low a 
heat as poaaible. If there be no residue on tho foil, or if 
the residue be scarcely appreciable, the substance is prac- 
tically insoluble in water, and acids muat be tried as 
solvents. But if, on the contrary, a tolerable residue re- 
mains on the foil, decant the liquid in the tube into the 
filter, and boil the powder again with water. Persevere 
with this treatment until it is evident that a part of the 
powder is insoluble in water. The iusoluble residue in 
the test-tube is thrown upon the filter ; the clear liquids 
which have passed through the filter, collected together 
and concentrated by evaporation if of unreasonable bulk, 
are ready for the regular course of analysis. In this 
caae, and in the still more favorable case in which all the 
substance has dissolved in water, it is a simple aqueous 
solution which is submitted to analysis, 

80. An aqueous solviion. If the student is assured 
that the unknown substance is a simple salt, he may draw 
some trustworthy inferences from the fact that the sub- 
stance dissolves in water. Of the salts wliich fall within 
the scope of this manual, the following are practically 
soluble in water : — 

1. AU salts of sodium, and all of potassium and am- 

monium, except their double platinum-chlor- 
ides. 

2. AR nitrates, chlorates, and acetates. 

3. Chloridea, bromides, and iodides, except those of 

silver and mercury. (Mercuric chloi-ide is 
soluble. The lead salts are difficidtly soluble.) 

i. Sidphates, except those of bariixra, strontium, and 
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5. Bliiny hyposulpljitee. 

6. The sulphides of sodium, potaasiiim, animonmoj, 

magneeitun, barium, strontium, and calcium. 

7. A few cyanides, oxalafeea, tartrates, and oliromates, 

besides those of the ailiali-inetals already men- 
tioned. 

It is obyious that any element of the thirty-six con- 
sidered in this treatise, may be present in an aqueous 
solution ; but it is also evident from the above hat, that a 
gi'eat number of salts are absolutely excluded because of 
their insolubility in water. 

If, on tlie contrary, there is no certainty that the sub- 
stance under examination is not a complex artificial mix- 
ture, no safe conclusions can be drawn from the fact that 
a part of it, or the whole of it, dissolves in water. 

Teafc the solution with litmus paper. The solution is 
either neutral, acid, or alkaline. 

Neutral. The normal salts of most of the metals have 
an acid reaction. Sodium, potassium, barium, strontium, 
calcium, magnesium, manganese, and silver are the only 
metallic elemenla which form salts whose solutions are 
neuti'al. Add to two or three di'opsof the solution a drop 
or two of carbonate of sodium. If a precipitate forms, 
any of the above-m.entioned elements may be present ; but 
if no precipitation ensueg, only sodium and potassium cm 
be present. 

Acid. The acidity may be caused by a normal salt 
having an acid reaction, or by an acid salt. Ncithei cai 
bonafces nor sulphides can be present in an aquucug bolu 
tion with an acid reaction, 

Allcaliiie. The alkalinity may be due to the hydrates, 
sulphides, cyanides, or carbonates, of the metals belong- 
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iiig to Classoa VI and YII ; to the presence of a borate, 
silicate, phosphate, arseniate, or aluminate of sodium or 
potassiiim ; to free ammonia, or carbonate of ammojiium. 
If fclie alltalinity proceed from an alkaline snlpbide, the 
metals whose sulphides ai's insoluble in water, and alkaline 
sulphides, miist be absent. If it is due to the presence 
of the hydrates or carbonates of the metals of Classes 
VI and VU, a very large number of substances are ex- 
cluded. If it proceed from ammonia or carbonate of 
ammonium, all substances precipitable by these reagents 
ai'e absent. 

An alkaline solution may obviously contain some sub- 
stance, soluble in an alkaline solvent like caustic soda or 
sulpliydi'ate of ammonium, but liable to immediate pre- 
cipitation when this solvent ia destroyed by the addition 
of clilorhydrio acid at the first step of the analysis. Thus 
any sulphide of Claas III dissolved in caiistio soda, or an 
alkaline sulphide, or compounds of alkaJine hydrates with 
the hydrates of alimiinum, zinc or chromium, would be 
precipitated when the alkaline solvent was neutralized. 
Chloride of silver dissolved in ammonia-water would be 
thrown down by ajiy acid added in excess. Again, the 
alkaline solution of a silicate of sodium or potassium, 
wlien neutraliaed with aoid, yields a very gelatinous, 
whitish precipitate of hydi'ated silicic acid. IVom a very 
concentrated solution of a borate, boracio acid sepai'atea 
in colorless, shining, flat crystals, when the solution is 
acidified with chlorhydric acid ; but the boracie acid thus 
separated dissolves when the solution is diluted. 

In view of these possibilities, an alkaline acpieous solu- 
tion should be carefully neutralized with niti-ic add, as a 
preliminary measure, before cldorhydi'io acid is added to 
it. Bffei'vescenee should be watched for, and if it occurs, 
studied as directed in g§ 53-58. Several diiforent cases 
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of precipitation may be diatinguishod, requiring some- 
what different treatment. 

a. If t!ie eharacteristic gelattnoua precipitate of silicic 
acid appears, ihe acidulated solution must be evaporated 
to dryness and ignited. The silicic acid is thus rendered 
insoluble. The ignited residae is digested witii dilute 
niti'ic acid and filtered. The filtrate is ready for the 
usual course of analysis. The insoluble residue is silicic 
acid. 

b If the gbstening coloi]e=!S plates cf box up acil 
appeal dilutiJU with -^^aim -nitci -^nll ctiteo them to 
re dissolve 

c If ft pieupitate appear on ueutialization whose 
color 01 textuie proves that it i=i neithei sibcicnoi boitcio 
acid but some substance maoluble ui water and dilute 
■icila thiown down m con^quence of the destruction of 
lis AlkaLne solvent the hquid is made slightly acid and 
then filtered The filtiate is leady for the usual course 
of analysis The preapitate, imsel with i httle wateij is 
reserved for further treatment ; it is not properly a sub- 
stance soluble in water, and it must be brought into 
solution by other methods, hereafter to be described. 
Sometimes a precipitate forms on exact neutrahzation of 
an aUialiue fluid, which redissolves when the acid is 
added in excess. 

8L Dissolving in acids. The substance which water 
has failed to dissolve, either in whole or in part, is next 
boOed in a small dish with three or four times its bull: of 
concentrated chlorhydric acid, unless the tnbe-tost (§ 7f>) 
or the reduction-test (g 77) has proved the presence of 
silver, lead, or mercury ; in which case nitric acid is tlio 
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fii-st acid to be tried. (See the nexfi paragrapli.) If an 
e£ferveseenee occur, the escapJBg gas is to be tested, m 
described in §§ 53-58. After boUing the powdered sub- 
stance with the sti'ong acid, dilute the fluid with twice its 
bulb of water, and repeat the boiling if any residue 
remaui undissolved. The acid is diluted because, though 
the substance to be dissolved is best attaclted in the first 
instance by strong acid, the salte formed by the action of 
tlie concentrated acid are more likely to dissolve readily 
in a dilute than in a strong acid. Not a few salts 
which scareely dissolve in atfong tteids, are readily 
soluble in the same acids when diluted. If the whole of 
the substance finally dissolves, the solution still farther 
diluted is ready for the transmission of sulphuretted 
hydrogen (§ 22), for it is of course unneeessaiy to ex- 
amine it for members of Cla^ I. If, on the contrary, an 
undissolved residue remain in the tubs, ascertain if any- 
thing has dissolved, by carefully evaporating two or three 
drops of the fluid to dryne^ on platinum foil. Should 
an appreciable residue, in excess of that given by two or 
three drops of the acid employed, remain upon the foil, 
separate the liquid in the tube from the und^solved 
substance by decantation or filtration. Reserve the solu- 
tion, labelling it " HO Sol." 

Binse the undissolved powder with water, and then 
boU it in an evaporating dish with three or four times its 
bult of strong nitric add. If the original substance 
contained silver, lead, or a mercui'ous salt, chlorhydi'ic 
acid win not have been used, and it will be the residue 
from the aqueous solution, which is now to be boiled with 
nitric acid. In this case, efi'ervescence is to be watched 
for. If the substance dissolves completely in the strong 
acid, or dissolves, with the exception of a hght yellow 
mass of sulphur, which often separates from a sulphide. 
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cvapoi-iite the Kqiiict to a very email bulk to di-ivo off tlio 
free acid, dilute tlie evaporated soltttion ■with aeveral times 
its bulk of water, separate the sulphur, if necessary, by 
filtration, and reserve the solution, labelliug it "HNO3 
Sol." If the substance does not completely di^olve in 
the strong add, dilute the fluid with twice its bulk of 
water, and repeat the boiling. If the dilute nitric acid 
effects complete solution, reserve the solution, labelling it 
as before, "HNO3 Sol." If neither the strong nor the 
diluted nitric acid effects the complete solution of the 
substance, ascertain if anything has dissolved in the 
dilute acid by the usual test on platinum foil. If an 
appreciable residue remain on the foil, separate the un- 
dissolved soHd in the dish from the liquid by decantation 
or filtration, and reserve the solution. 

Boil the powder, which has resisted both acids taken 
singly, with aqua-regia. If it dissolves completely, evap- 
orate the solution to a very small bulk, dilute the evap- 
orated solution largely with water, and reserve it for 
analysis, labeUing it " Aq. reg. SoL" It is useless to look 
for members of Qass I in such a- solution. If, on the 
contrary, it does not completely dissolve after protracted 
boiling, test the liquor to see if anything has dissolved. 

If an appreciable residue remains on the foil, dilute 
the acid fluid, filter it, reserve the solution labelled as 
before, and wash the undissolved residue thoroughly 
with watei'j to prepare it for further treatment (§ 83). 

82, An acid solution. Of the three kinds of acid 
solutions here described, any one, any two, or all three, 
may be obtained from a single mixture of different solids. 
There is an advantog-e in knowing that a part of a com- 
plex mixture is soluble in water, a part m chlorhydric 
acid, a part in nitric acid, and a part only in aqua-regia ; 
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becanse this knowledge may enable the student, Tivlieii he 
has found out all the elements of the mixtni'e, to make a 
more probable guess at the manner of their combination 
in the original mistiire than he ■would otherwise be able 
to. But it is quite minecessaiy to keep the fclu-ee kinda 
of acid solution apart, when all three have been obtained, 
and to analyze them separately. On the contrary, aU 
three should be mixed together, and analyzed in one 
course of testing. It muet only be borne in mind that 
when lead, silver, or merenrous salts are present, the 
nitric acid solution of the residue from the aqueous solu- 
tion will give a precipitate of the insoluble chlorides of 
Class I, on being mixed wifcli a chlorhydric acid or ariua- 
regia solution. 

Ihe student must be careful to use no more acid than 
ia absolutely easentiaL Nitric acid, particularly, is very 
objectionable ; because, when free, it reacts upon sulphur- 
etted hydrogen with mutual decomposition, sulphur being 
set free. 

Sometimes a strongly acid solution becomes turbid 
when merely diluted with water. This phenomenon 
points to the presence of bierauth or antimony. The 
turbidity will disappear again on the addition of elilor- 
hydric acid. 

Oei-tain silicates, when boiled with concentrated acids, 
are decomposed, and gelatinous silicic acid is sepai-ated. 
This happens but rarely, however, in the rapid precedes 
of qualitative analysis ; and if it should happen, it is not 
likely to lead the student into error. Aresidue insoluble 
in all acids will remain ; this residue is, or contains, free 
silicic acid. 

It nii^t not be supposed that it is common to try all 
four solvents on one and the same substance. Water and 
clJoi'hydrifl acid are the common solvents ; nitric acid 
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and fiqiia-regia are, acfciially, but seldom resorted to as 
aolventa, except for metals (§ 02). It would reqtdre 
some ingenuity to devise an artificial mixtiu-e -whicli 
wonld put to the test all the capabilities of the above- 
described method of bringing solids into solution in 
water and acids. Such mixtures are not met with in 
ordinary experience. It is the object of any method of 
analysis to meet real problems, not artificial complications 
which may be imagined, bvifc which do not occur in fact. 

0, TItEATMENT OS INSOLUIILE SUBSTANCES, 

83, The substances of common occurrence which are 
practically insoluble in water and a^jids are ;— 

The Gulphatee of barium, strontium, and lead. 

Chloride of silver. 

The anhydrous sesquioxides of aluminum, chromium, 
and iron, either native or the result of an intense igni- 
tion. 

Chrome-iron-ore, a native mineral. 

Some aluminates. 

Binoxide of tin, native, or the result of ignition. 

Sihca and many silicates. 

Fluoride of calcium (fluor-spar). 

Besides the substances included in this list, sulphur 
and carbon, or graphite, should, perhaps, be mentioned, 
because they are insoluble ; but they will have been de- 
tected dujingthe preliminary blow-pipe examination, and 
their presence allowed for. Bromide, iodide and cyanide 
of silver, ai-e decomposed by boiling with aqua-regia, and 
converted into the chloride, eo that these substances 
never appear in their proper form in the final insoluble 
residue. 
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84. Subsfcanecfl wliicli le'iigt sol itioii in li|«ids aie 
generally liquili 1 by tlie action of fl ixpa at a hi^h tciii 
peraturo ; tliey aie fu ed lu contact with &omp piwuful 
decompoaing agent hke the ciibomte oi a il sulphate 
of an aDrali-metal Oi the hydrite oi ciibomte of m 
alkaline-earth metal Certain prehmuiuy expenmeiitb 
should precede the fusion 

The insoluble poiv lei is iiiHt e\amined carcfallj {v,iiii 
the help of a lens, if convenient), to a'Jcertain if it i9 a 
homogeneoTis substance of the same color throughout, or 
a mixture composed of dissimilar, variously-colored par- 
ticles. The following blow-pipe experiments sometimes 
give decisive indications, particularly with homogeneous 
substances ; — 

a. The reduction-teat (§ 77) is repeated with great 
care, looking especially for silver, lead, and tin, and apply- 
ing to the globule, if any is obtained, the test for distin- 
guishing between .these three white metals. This teat has 
already been applied to the original substance ; but if 
this substance was a complex mixture containing soluble 
ingredients, it is quite possible that the test should give 
a more satisfactory result, now that ail substances soluble 
in water and acids have been removed, than it yielded 
before. If any reducible metal is detected, it is neces- 
sary to use a porcelain crucible for the fusion which it 
maybe desirable to make (§ 85), in order to convert the 
insoluble substance into a more manageable form. A 
platinum crucible, which is employed for most fusions, 
cannot be used with safety when the substance to be 
fused contains any reducible metal ; for many of the 
olloya of platinum are readily fusible. 

Sometimes, when the substance under examination con- 
tains but a amaU proportion of metal, some metal may 
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be reducecl cTiu-ing fclie blow-pipe experiment on cliarcoal, 
but the detached pai-ticlea may not rim together into a 
single conspicuous globule. Since a mistake as to the 
presence of a reducible metal may involve the destruc- 
tion of a platinum crucible, it la beat, in doubtful eases, 
to operate in a more delicate fashion. To ascertain, be- 
yond question, whether any reduced meiai has been sepa- 
rated in this experiment, moisten the cavity in the char- 
coal with water after the fusion has been finished, cut the 
charcoal out for a httle distance, both around and below 
the oavity, and transfer the contents of the cavity and 
the scraps of chai'coal to an agate or porcelain mortar. 
Pulverize the whole mass, and then carefully wash away 
the powdered charcoal, and all the lighter poi'tion of the 
mixtiu-e. Any maUeahle metal that may have been re- 
duced remains in the mortar in little flattened grains or 
spangles, in which the peculiar color and lustre of tlie 
metal or alloy are genei'aUy visible. Sometimes metallic 
strealts are produced on the mortal- or pestle by Httle 
particles of metal ground between them. The student 
must not mistake glistening particles of wet charcoal 
sticking to the mortar or pestle for metaUic spangles. 

6. Prepare another pellet of a misture of equal parts 
of the insoluble powder and carbonate of sodium, adding 
a little charcoal powder to the paste. Fuse tliis mistiure 
upon charcoal in the reducing flame of the blow-pipe. 
Scoop out the fused mass and the surrounding charcoal 
with a penknife, place the dry mass upon a bright surface 
of silver (coin or foil), and wet it with a drop of watei'. 
If a brown shpAn be produced on the silver, it is evidence 
of the presence of sulphide of sodium in the fused mass. 
This sulphide results from the reduction of a sulphate, 
and is evidence of the presence of a sulphate In tlie siib- 
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etanee tested. The odor of sulphnretted hydrogen is 
often perceptible when the fused mass is moietened. The 
silver coin or foil may be replaced by a piece of lead- 
paper, if care be taken not to mistate the mere dirtying 
of the paper for a etain of eidphide. It ia obvious that 
tlie carbonate of sodium used in this test must be so free 
from sulphate of sodium as not itself to give this reaction 
on sQver, after fusion on charcoal. Since coal-gas in- 
variably contains traces of sulphm- compounds, this teat 
cannot be performed with a gas-flame, 

c. Make the loop on the end of the bit of platiimm 
•wire (§ 163) white-hot in the blow-pipe flame, and thrust 
it -white-hot into some powdered borax ; a quantity of 
borax will adhei'e to the hot wire ; reheat the loop in the 
oxidizing flame ; the borax mil puff up at first, and then 
fuse to a ti'ansparenfc glass. If enough borax to form a 
solid, transparent bead within the loop does not adhere 
to the hot wire the fii-at time, the hot loop may be dipped 
a second time into the powdered borax. 

When a transparent glass has been formed witliin the 
loop of the platinum wire, touch the bead of glass while 
it is hot and soft to a few particles of the insoluble 
powder, and reheat the bead with the adhering powder 
in tlie oxidizing flame. If the substance dissolves slowly 
in the borax, and the bead has a fine yellowish-green 
color when cold, chromium is probably present. Eeheat 
the bead in the reducing ilame. If it presents a bright 
green color both when hot and cold, there is no doubt of 
the presence of cbromiiun. 

It sometimes happens, when too much of the substance 
to be tested has been added, that the borax bead becomes 
so darlii-colored as to be practically opaque. It may then 
be flattened, while soft, by sudden pressure betjvecn any 
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smooth metallic sui'faees, like the flat parts of jewellers' 
tweezers. If the flattening makes the color of the borax- 
glass yisible, nothiog more is necessary ; but if the gla^ 
is still too dai't, all the glass outside the loop of platinum 
may be broken off by gentle hammering, and the re- 
maining glass may be reheated and largely diluted by the 
addition of more boras. 

It is conyeuient to be informed of the presence of 
chromium, because chromic oxide and chrome-iron-oi'e 
are substances which it is pai-ticularly difficult to decom- 
pose effectually by fusion. In. presence of chromium, no 
other bead reaction which can be anticipated under the 
circumstances will give a decisive result ; but in the ab- 
sence of chromium, the presence of iron may be deter- 
mined. A suitable quantity of oxide of iron causes the 
borax-bead, heated in the oxidizing flame, to look red 
when hot and yellow when cold. In the reducing flame 
the u'on bead becomes greenish, or light brownieh-green. 

d. The test for fluorine (§ 68) should be applied 
to the original substance, if it has not already been 
done. 

When all the above-mentioned tests (a-d) give negative 
results, the simplification of the problem is very con- 
spicuous ; the substances which may be present are re- 
duced to alumina and some aluminates, silica and sihcates. 
Again, when some of the preliminary tests give affirma- 
tive results, the evidence may be almost conclusive, if the 
substance under examination be evidently homogeneous. 
Thus chloride of silver, sulphate of lead, chromic or fer- 
ric oxide, binoside of tin, or fluoride of calcium, may be 
satisfactorily identified, 

There are two methods of changing insoluble sub- 
stances into more manageable forme by the apphcatiou of 
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heat, with sufficient exactness for the pixrposes of the 
qxiaJitative analyst, — the method by fusion, and the 
method by deflagration. 

85. Fusions, Mix the fine powder of the insohible 
substance with about four parts by weight of dry carbon- 
ate of sodium in powder. Both powders must be as fine 
as they can be made, and they mxist be intimately mixed. 
Keep the mixture at & bright red heat, in a platinum 
ei-ucible (a porcelain crucible i£ a reducible metal has 
been found in the substance, and fusion is for any reason 
preferred to deflagration), until the mass has been 
brought to a state of quiet fusion (§ 16i). Place the hot 
platinum crucible, when withdrawn from the lamp or fire, 
on a cold blocli, or thick plate of iron, and let it cool, 
"Wlien the crucible has been cooled in this way, the fused 
mass can generally be removed fi'om the crucible in an 
unbroken lump. Soak the lump in boiling water until 
everything ie dissolved which is soluble in water. If the 
mass cannot be detached from the crucible, the crucible 
and its contents must be soated in boiling water. 

When the green borax bead, and the dark color of the 
insoluble powder, point to the presence of chrome-iron- 
ore, a mixture of two parts, by weight, of carbonate of 
sodium with two parts, by weight, of nitre, may be sub- 
stituted for the four parts of carbonate of sodium alone, 

86. Treatment of the fused mass. The aqueous solu- 
tion of the fused mass is filtered from the residue in- 
soluble in water. Small portions of it are to be tested 
separately at this stage of the process, for sidphate, chro- 
mate, chloride and fluoride of sodium, either of which 
salts (besides others not regarded for the moment) may 
residt from the decomposition of the insoluble substiince. 
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and be found in the aqueous solution. A ehromafce colors 
the solution yellow. 

a. Acidify a small portion with clilorliydric acid, and 
test for sulphates with chloride of barium (§ 62), The 
student must learn by trial how much sulphate, if any, 
his carbonate of sodium contaias. 

b. Acidify another Bmall portion with acetic acid, and 
apply the acetate of lead test for chromatea (g 60), In 
presence of sulphuric add this test will be obscured, but 
not rendered wholly useless (§ 29j p. 49). 

c. Acidify a third portion with nitric acid, and apply 
the nitrate of silver test for chlorine (§ 69). The stu- 
dent must first prove that his carbonate of sodiimi con- 
tains no chlorine. 

d. A fotu?th poi'tion, having been concentrated by 
evaporation in a porcelain dish, and again cooled, is acidi- 
fied with chlorhjdric acid, and then left at rest until the 
carbonic acid has escaped. It is then snpei'saturated 
■with ammonia, heated, and filtered while hot. The fil- 
trate is collected in a bottle ; chloride of calcium is im- 
mediately added to it ; the bottle is closed and allowed 
to stand at rest. If the original substance contained a 
fluoride, the fluorine mil have combiaed with sodium 
during the fusion, and fluoride of sodium wiU be con- 
tained in the aqueous solution. The carbonic acid hav- 
ing been expelled, and aU substances preoipitable by 
ammonia having been removed, the chloride of calcium 
will throw down the fluoride of calcium. If a precipitate 
separates from the liquid in the bottle after some time, it 
is collected in a small filter, dried and examined for fluo- 
rine by the method of § 68. 
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The rest of the aqueoiis solation ia acidified with chlor- 
hyclric acid, evaporated to dryness and ignited ; the 
residue thus obtained ia boiled with dilute chlorhydric 
acid, li the dikite acid iails to dissolve the residue com- 
pletely, the iusoluble portion consists ot eilicie acid. The 
solution is reserved. 

That portion of the original fused mass wliicli boiling 
water did not dissolve, and which was filtered from the 
ac[iieous solution, is next dissolved in acid — chlorhydric 
acid, if silver and lead be absent ; nitric acid, if either of 
these metala be present— and the aolvitlon so obtnined, 
mixed with the reserved solution of the last paragi-aph, 
is examined in the iisual way for the metaUie elements 
{§ 43), except, of course, aodiam (and sometimes potas- 
Bium), which has been added in the flux. 

If a portion of the fused mass resist both water and 
acids, the ineohible portion may consist of separated 
sihcic EWjid, or of some of the original substance unde- 
composed by the fusion. In the latter ease, anotlier and 
more prolonged fusion ia the only effectual remedy, al- 
tliongh it may often happen that a partial decompoaition 
of the insoluble substance will enable the analyst to 
recognize all the elemeuta wliich it contains. 

87. Fusion toith Aaid SSu/phaie of Sodiitm. The fol- 
lowing method may be tried to advantage upon ferric 
oxide, chromic oxide, or chrome-iron- ore, and some very 
refractory siLieates. Heat the iusoluble substance with, 
three or four times its bulk of acid sulphate of sodium 
(§ 122), in a platinum crucible, until the aulphate melts ; 
then maintain it in the liquid atate for half an hoiu". 
This operation should be performed under a hood. The 
fused mass is treated essentially as before (§ 86), allow- 
Eiiice being made for the dirferent nature of the llux. 
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88. Silicates are by far the commoiiGst of insoluble 
BLibstances. A great yariety of metallic elements occtti: 
in inaoluble silicious minerals, so tbafc the poasible con- 
teiits of the acid solution of § 86 ai'e very vai-ious. When 
eibcic acid has been found in the aqueous solution of 
§ 86, the add solution also shonld be evaporated to diy- 
riess, after it baa been once made, and the residue should 
be ignited ; the residual mass is again treated with dilute 
chlorhydric add. Silieic acid is again left behind in this 
process ; and the subsequent examination goes on the 
better for this preliminary removal of silioa, which, if left 
in solution, might create confusion by appearing as a 
precipitate at almost any stage of the analysis. 

Many sOieates contain sodium and potassium. When 
tlie presence or absence of these alkaU-metals is to be 
determined, it is evident that the pulverized sdicate must 
not be fused with carbonate of sodium, but with some 
decomposing flux free from altali. 

89, Ftision vyith Oarbonaie of Calcium and Chloride of 
Ammonium. An intimate mixture is prepared of one 
part of the silicate, six parts of pure i^recipitated carbon- 
ate of calcium, and three-fourths pai't of pulverized 
chloride of ammonium. This mixture is heated to bright 
redness in a platinum crucible for thirty or forty minutes. 
The crucible, with its contents (which should be in a co- 
herent, suitered, but not thoroughly fused condition), is 
then placed in a beaker, and soaked for half an hour in 
water kept near the boiling point. The contents of the 
beaker are then filtered. The filtrate, containing caustic 
lime, chloride of caldum, and aU the sodiiun and potas- 
sium of the original silicate as chlorides, is treated with 
a little ammonia- water, and with cai-bonate of ammoniun'' 
in slight excess ; the liquid is heo.ted to boiling and 
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filtered. This second filtrate is evaporated to dryness, 
and gently ignited to expel the ammonium salts, Tlie 
residue is dissolved in a little water ; ojie or two drops 
of carbonate of ammoniunij and a drop of oxalate of 
ammonium, are then added ; the mixture is again heatsd 
and filtered ; this third filtrate is evaporated to dryneas 
and ignited ; tlie ignited residue, if there be any, consists 
of the chlorides of sodmm and potassium, or of one of 
these two salts. This residue is examined according 
to § 41. 

90. Deflagraiion. The method of fusion just described 
involves the use of a platinum or porcelain crucible, and 
demands the heat of a blast-lamp, or strong coal fire, 
Heither crucibles, lamps, nor fires are necessary in the 
method of deflagration, which applies the heat inside the 
mass to be fused. Tliis decomposition by deflagration is 
performed as follows : — One part, by weight, of the inso- 
luble powder is intimately mixed with two parts of dry 
carbonate of sodium, two parts of fine and pure charcoivt 
powder, and twelve parts of powdered nitre. Tlie mix- 
ture is put in a thin porcelain dish, or clean h'on tray ; 
the dish, or Uttle tray, is placed under a hood, or in the 
open air, and a lighted match is apphed to the centre of 
the heap. The deflagration is completed in two or three 
seconds, and a weU-fused mass remains. This mass is 
detached from the cooled dish or tray, and boiled with 
water in a beaker ; it is generally very porous, and is 
therefore readily disintegrated by stirring it in the hot 
water with a glass rod. The soluble portion will all be 
extracted in a very few minutes. The residue left by 
water is treated with acid precisely as described in § 86. 
The aqueous and acid solutions of the deflagrated sub- 
stance arc submitted to the same operations as the cor- 
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respoQcTIng soliitiona of eubetances fused in craeibles 
(§ 86). A. little charcoal ia generally left itndisaolved by 
the acid, and witli it any of tlie substance wliidi may 
have escaped decomposition. The mixture of one part, 
by weight, of powdered chfireoaJ, and sis parts of nitre, 
may be kept ready mixed for effecting the fusion of in- 
soluble subsfcfmces. 

The advantages of this process are that it is quick, 
requires only cheap and common tools, and may be 
applied to eabstanoes containing ledticible metals, as well 
as to any others. It is, ot conrse, Hiapphcable when 
sodium and potassium are to be sought foi m silicates, 
Chrome-iron-or.e cannot be decomposed in this way Ths 
insoluble sulphates, chloride of silver, bmosidp of tin, 
fluoi'spar, glass, and many natural silicates, may be veiy 
■well treated by this method, m spite of iH appai-ent 



CHAPTES XII. 

THEATMENT OF A PURE MKTAL OR ALLOY. 

9J. The elements which are now used in the ai-ts in 
the metallic state, and which therefore may come into the 
hands of the analyst as metals, either pure or alloyed, 
are silver, lead, mercury, bismutli, cadmium, copper, 
arsenic, antimony, tin, gold, platinum, aluminum, iron, 
zinc, nickel, and magnesium. These metals can all be 
brought into solution and detected in the wefc way with 
ease and certainty. It is therefore not worth while to 
submit a metal, or metallic alloy, to prehminary blowpipe 
tests, although at need mei-cui-y and arsenic can be 
roadOy detected by the closed-tube test (§ 76), and many 



I .y Google 



§ 92 ACTION OJ? mTBIC ACID ON METALS. 127 

otliera, by exposing: them on charcoal to tho rediieing 
smd oxidizing flame (compare g 77, p. 100). 

A portion of the mefcal or alloy to be examined ehoulcT 
first be rednoed to as fine a state of division aa possible. 
If it is brittle, it can be powdered ; it soft, shaTings can 
be cut from it ; if tongh and hard, it can perhaps be 
fused, and shalcen into powder while melted, or granu- 
lated by being poured from a height into cold water. 
T'iliiigs should be the last resort, because of the possibil- 
ity of foreign admixture of iron. 

82, Action of Nitric Aoid on the Metals. A. small 
quantity of the divided metal or alloy, about the equiva- 
lent of a pea in bulk, is placed in a flask, covered with 
concentrated nitric acid, and heated gently under a hood 
or in the open air for half an hour. 

i/' complete solution eJisues, gold, platinum, tin, and anti- 
mony are probably altogether absent ; they can only be 
present in very minute proportion. Any of the other 
metala above enumerated may be present. Transfer the 
acid solution to a porcelain dish, and evaporate it almost 
to dryness ; dilute the evaporated liquid with five or six 
times its bulb of water, and proceed with the analysis in 
the usual way (§ 43). If the solution becomes tnrbid on 
the addition of water, bismuth is doubtless present. In 
this case enough acid must be restored to the solution to 
clarify it. Mercury, if present, will be dissolved to mer- 
cui'ie nitrate. 

If a residue reinains undissolved, add a little more acid, 
to make sure tliat the acid is incapable of fui'ther action ; 
and when this point is settled, test a drop or two of the 
clear liquid on platinum foil, to ascertain if anything has 
entered into solution. If the nitric acid has effected a 
partiiil solution of the original metal, evaporate the liquid 
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nearly to drjiieaa, dilute the eviiporated mixture with 
water, filter, and submit the filti-aie to the usual course of 
analysis. The residue is thoroughly washed with water, 
to prepare it for further treatment Three different cases 
may occur, readily distinguishable by the mere appear- 
ance of the residue. 

a. The insoluble substance is non-metallic and white. 
In this case tin and antimony may be present, but gold 
and platinum are probably absent. The white residue 
may contain the insoluble oxides of tin and antimony, or 
either of them. These elements are to be detected by 
the methods of § 24, or by the method described just 
below (first part of c). 

h. The insoluble substance is metallic, as evidenced by 
its lustre, if it is in visible fragments, or by the weight 
and gray or black color of its powder, if it is in a fine 
state of division. Such a residue must be either gold or 
platiQTim (or some of the rare platinum-like metals which 
lie without the range of this manual). The residue is 
dissolved in aq^ua-regia, and evaporated to a very small 
bult. 

Test for Gold. A portion of this evaporated hquid is 

diluted with ten times its bulk of water, and poured into 

a beaker which is placed on a sheet of white paper. A 

small (quantity of a solution of protochloride of tin 

(§ 143) is tinged yellow by the addition of a few drops 

of solution of sesquichloride of iron (§ 140), and then 

considerably diluted. A glass rod is dipped, first into 

this tin solution, and then hito the solution to be tested 

Tpgj for gold. If ovon a trace of the precious metal 

ftf be present, a blue or pnrple streak will be ob- 

■*"' served in the track of the rod. If the quantity 

of gold bo m.ore considerable, a pink tinge will bo im- 
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parted to the solution, or a purplish precipitate will be 
producecl by a sufficient quantity of tlie tin-solution, 
TMa "purple-of-Cassius" test is applicable to very acid 
solutions. 

2bs( for Ploiinwm. To another undiluted portion of 
the cooled aqua^rcgia solution, a cold concentrated solu- 
tioD of chloride of ammonium is added. The formation 
of a yellow, crystalline precipitate of cliloroplatinate of 

q.„f ammonium indicates the presence of pJatiuum. 

for (or of some rare platinum-like metal). By Bidding 

*"*■ a little alcohol to the liquid, the test is made 
more delicate. In a difficult ease, the aqua-regia solution 
might be evaporated to dryness with chloride of ammo- 
nium, and the residue treated with weak alcohol and 
water, which would dissolve all the ingredients except 
the chloroplatinate. Upon ignition chloroplatinate of 
ammonium leaves spongy platinum behind. 

c. The insoluble residue contains both a white powder 
and a metallic substance. It must tlien be examined for 
antimony, tin, gold, and platinum. The following direc- 
tions presuppose the presence of all four metals — a very 
rare case. 

The residue is placed in a porcelain dish in contact 
with a slip of clean, smooth, platinum foil, and heated 
with a Httle chlorhydric acid. Water is then added, and 
a small fragment of zinc is put into the liquid. Tin 
and antimony will be reduced to the metalhc state by the 
zinc, and are detected by the method of § 24, p. 41. Grold 
and platinum have been from the first in the metallic 
state, and do not interfere with the processes for detect- 
ing tin and antimony. "When the antimony has been 
extracted by tartaric acid, the platinum foil is taken out 
of the porcelain dieb, and the metallic residue from the 
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tartaric acid solution ia thoronghlj -washed by decauta- 
tion, dissolved in aqua-regia, and tested for gold and pla- 
tiiiiiin, as just described in § S)2 b. 



OHAPTEB XIIX. 

PKELIMIHAET EXAMINATION Or A LIQUID. 

S3, Umporation Test. The first stei? in tlie examiaa- 
tion of an unknown licLiiid ia to evaporate a few drops at 
a gentle heat on platinum foil. Attention should be paid 
to the smeU of the escaping vapors in order to a«cei-tain 
if the solvent be water or some other fluid, lihe alcohol, 
ether, benauie, or a strong acid. If no appreciable resi- 
due remain, the fluid ia probably pure water, or some 
other volatile hquid ; or it is possible that the liquid is 
some very dilute solution, lilce a spring water, wMch 
needs extreme concentration before the solid substancea 
dissolved in it can be detected. "When a residue remains 
on the foil, the heat is increased, first, to ascertain if the 
dissolved substances are wholly -volatile, ia which case 
only compounds of ammonium, mercury, arsenic and 
antimony, can be present ; and, secondly, to ascertain if 
there be any organic matter in the liquid. Carbonization 
or charring, with the attendant phenomena {§ 76, I), 
occurs when fixed organic matter is present. If organic 
matter is discovered, it must be destroyed by the second 
method of § 76, 3, before the analysis can be proceeded 
with. A volatile organic solvent can, of course, be got 
rid of by a simple evaporation to drynaas. 
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94. Testing with Litmus. The next step is to test the 
solution with htmus-paper. 

a. If it ia neuti'ivl, and the solvent ia water, consult 



b. K it is acid, the Eieiclity may be due to a normal 
salt having an acid reaction, or to art acid ealt, or to fi-es 
acid. No general inferences can be drawn from the acid 
reaction, except that carbonates and Gulpliides are absent. 
If dilation of the acid fluid produces turbidity, the 
preaence of (mtimouy or hiBinuth may be inferi-ed. 

c. IE it is iilkalme^ consTilt | 80 {Alkaline). 

95. By evaporating a portion of the original sohition 
to dryness, the dissolved aoHd ia obtained. This solid 
may be subjected to the whole of the preliminary treat- 
ment prescribed for a salt, mineral, or other non-metallic 
sohd (§1 76, 77); but inasmuch as the maiu object of ail 
preliminary treatment of a sohd is to learn how to get it 
into solution witli the least difileijlty, it is seldom worth 
while for the analyst to make a aohd out of a solution, 
and thus forego the advantage of having the solution al- 
ready made to his hand. 

98. Testing for Ammonia. A small portion of the 
original solution must always be tested for ammonium 
salts, by heating it in a test-tube with an equal bulk of 
slaked lime. The gM is recognized by ilB smell and its 
reaction with chlorhydiic acid (§ 76), 
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Tlie means of iflentifying and isolating the nire ele- 
ments, the methods by which minute traces of one 
sabatance may be detected -when hidden in proportion- 
ally large quantities of other snbatances, as when the 
impurities of chemieals and drags are exhibited, and the 
processes to be employed in special cases of pecuhar diffi- 
culty, such as the analysis of complex insoluble minerals, 
or the detection of mineral poisons in masses of organic 
matter, must be studied in complete treatises upon chemi- 
cal analysis, or in works specially devoted to these 
technical matters. Such details, however valuable to 
the professional analyst, or expert, would not be in 
harmony with the plan of this manual. 
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PART THIRD. 



CHAPTER XIV. 



[** Those reagents in the following Hat wHeli are martedwith the 
double asterisk are rarely employed ; a singla small bottle of eaoi 
of Uiem in the laboratory will ba eaough for many stadeniB.] 

97. Chlwhydrio Acid ( Concentrated). The strong com- 
mon acid prepared by chemical laantifactnrers, thoi^h 
nsuftlly far from pnre, will answer for most of the pur- 
poses of this manuaL It must, however, be continually 
borne in mind that the commercial acid is Uisually con- 
taminated with sulphuric acid, and very often with traces 
of arsenic and iron. These impurities may be present in 
sufficient quantity to render the acid unfit for use when 
tliese very substances are to be tested for in the mixture 
to be analyzed. 

The yellow color of the commercial acid, though often 
attributed to iron, is really due for the most part to the 
presence of a peculiai- organic compound -which is soluble 
in the strong acid. 

Pure acid may be prepared by distilling a mixture of 
fused chloride of sodium and sulphuric acid, and collcct- 
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ing the gas in water (see the authors' Manual of Inor- 
ganic Chemistry, Exp. 49). 

If in any experiment doubts arise concerning tho char- 
acter of a reagent, a quantity of it, somewhat larger than 
that which has been mixed with the substance under es- 
amination, should be tested by itself, and the reaction 
compared with that exhibited in the doubtful case. If the 
result of this trial is unsatisfactory, the experiment mtrnt 
be repeated with reagents which are known to be pure. 

98. Ohlorhydria Acid, (Dilute). Mix 1 -volume of the 
comm.on concentrated acid, or — ^wheve special purity is 
required — of the pure strong acid, with 4 Yolumes of 
water. 



99, Nitric Acid {Concentrated). Use the 
commercial acid of 1.38 or 1.40 specific gravity. Strong 
nitric acid of tolerable purity can usually be obtained 
fi-om the dealers iu coarse chemicals. An acid, which 
when diluted with five parts of water gives no decided 
cloudiness with either nitrate of silver or nitrate of ba- 
rium, is good enough for most uses in qualitative 
analysis. 

100. NUric Acid (Dilute). Mix 1 volume of the strong 
acid with 5 volumes of water. 

ZOl. Aqua-regia should be prepared only in small 
quantities, at the moment of use, by mixing in a test-tubs 
one volume of strong nitric acid, with three or four times 
as much strong chlorhydric acid. 

102. Sulphuric Acid (ConcentrBled), The oil of vitriol 
of commerce will usually be found pure enough for the 
pui-poses of this manual 
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103. Sulpkurio Acid (DUute) is prepared by gradually 
adding 1 part of the concentrated acid to 4 parts of 
water contained in a beaker or porcelain dish ; the mis- 
tnre mnat be constantly stirred with a glt^s rod. When 
the mixing ia finished, the lic[uid is left at rest until all 
the sulphate of lead which has separated from the strong 
acid has settled to the bottom ; the clear Hcinid is then 
decanted into bottles. 

104. OxoZio Add. Dissolve 1 part, by woight, of the 
commercial crystals in 20 parts of water. 

105. Acetic Acid. The ordinary commercial acid. 

106. Tartaric Acid shoakl be kept in the state of pow- 
der, since solutions of it slowly decompose. For use, dis- 
solve a small portion of the powder in two or thi-ee times 
its volume of hot water, 

107. Sulphuretted Hydrogen Gas {Sidphydrie Add) is 
prepared, as needed, by acting upon fi-agmenta of sul- 
phide of iron with dilute sulphuric acid in the apparatus 
described in §§ 178, 179. The apparatus should always 
be placed either in the open air, or in a strong draught 
beneath a chimney. 

108. Sulphuretted Hydrogen Water. Pass sulphuretted 
a gas into a bottle of water until the water can 

o more. To determine when the absorption ia 
, close the mouth of the bottle tightly with the 
thumb, and shake the liquid. If the water is saturated, 
a small portion of the gas wiU be set free by the agitation, 
and a slight outward pressure against the thumb will be 
felt. If the water is not fully saturated, the agitation 
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will enable it to absorb the gaa wbicb lay in the iippar 
part of the bottle, and a partial vacinim will be created, 
so that an inward pressure will be felt. 

Since sulphuretted hydrogen water soon decomposes 
when exposed to the air, it should always be kept in 
tightly closed bottles ; and no Yery large quantity of it 
should be prepared at ones, A good way of keeping the 
solution is, to fill a number of small phiala with the fresh 
liquid, cork them tightly, and invert them in water, so 
that their necks shall always be immersed and protected 
from the atmosphere. 

At the moment of using this reagent, its quality should 
always be proved by smeUiug oi it, or by adding a drop or 
two of the UcLuid to a drop of acetate of lead. 

109. Ammonia^ Water. Commercial aquEt-ammonife 
may usually be obtained pui'e enough for the purposes of 
this manual. Dilute 1 volume of the strong Hquor with 
3 volumes of water. Ammonia-water should be free 
from carbonic acid ; when diluted, as above, it ought not to 
yield any precipitate when tested with hme-water. 

110. Sulphydrate of Ammonium. Pass sulphuretted 
hydrogen gaa through ammonia-water, diluted as de- 
scribed in § 109, until a portion of tlie liquid yields no pre- 
cipitate when tested with a drop of a solution of sulphate 
of magnesium. 

Since sulphydrate of ammonium decomposes after a 
while, when exposed to the air, it is not advisable to pre- 
pare it in large quantities. In case any doubt arises as 
to the quality of the reagent, add some of it to a drop of 
acetate of lead. Unless a dense, black precipitate of 
sulphide of lead is im.mediately thrown down, the sulphy- 
drate is worthless. 
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111. Carbonate of Ammonium. Dissolve 1 part^ by 
weight, of the comniercial salt in 4 parts of water, and 
add to the mixture 1 part of strong ammonia-watfir. 

112. Chloride of Ammonium. Dissolve 1 part, by 
weight, of the crystallized commercial salt io 10 parts of 
■water. 

118, Oxalate of Ammonium. Dissolve 1 part, by weight, 
of the salt in 24 parts of water. 

114. Nitrate of Ammonium^ The commercial salt, 
kept as dry as possible, in the form of small crystals. 

115. ** Molyhdafe of Ammonium^ Digest 1 part, by 
weight, of molybdie a«id for some hours in 4 or 5 parts of 
strong ammonia-water, and mix the clear solution with 12 
or 15 parts of strong nitric acid ; or dissolve 1 part of 
molybdate of ammonium in 3 or 4 parts of weat am- 
monia-water, and mix the liquid with 12 or 15 parts of 
nitric acid, as before. 

116. Caustic Soda. Place 1 part, by weight, of the 
best commercial caustic soda in a largo stoppered bottle ; 
poor upon it 8 or 9 parts of water, and shake the bottle 
at intervals, until the whole of the soda has dissolved. 
3jeave the bottle at rest until the Hqiiid has become clear, 
and finally transfer the solution, with a siphon, to the 
small bottles in which it is to be kept for use. The solu- 
tion thus prepared, though pure enough for the uses pre- 
scribed in this manual, is reaUy far from pui'e. It would 
be unfit for use in a delicate research, because it is usually 
contaminated with chloride, sulphate and carbonate of 
sodium, and is liable to contain traces of aluminate. 
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I, auct silicate of sodium. Since aome nitrate of 
s added to it in the process of mannfactuTe, tho 
soda is liable to be contaminated mtb this salt and tho 
products of its decomposition, including ammonia. This 
last impurity is liable to be given off when the solution is 
boiled. 

Ca-ustio potash, as prepared for Burgeons' use, may be 
substituted for caustic soda whenever it can be more 
readily obtained. The potash should be dissolved in 
about 10 parts of water. 

Since solutions of the caustic altalies act upon glass 
rather easily, especially when its outer sorJaco or " fire- 
glaae " has once been removed, it often happens, when the 
soda solution is kept in glass-stoppered bottles, that the 
stoppers become immovably cemented to the glass by the 
silicate of sodimn which forms in their nects. This difS- 
culty may be avoided by wiping the neclis of the bottles 
dry after any of the solution has been poured from them; 
but it will usually be found more convenient to replace 
the glass stoppers with plugs of vulcanized caoutchouc, 
or, better still, with small glass stoppers, over the bodies 
of which short pieces of caoutchouc tubing have been 
Btr etched, 

in. Sulphydrate of Sodium. Dissolve 1 part, by 
weight, of commercial sulphide of sodium in 8 parts of 
water. Sulphide of potassium is not an available substi- 
tute for sulphide of sodium. 

118. Carhonaie of Sodium. The anhydrous salt of com- 
merce will answer for most uses. It should not contain 
much sulphate of sodium. For those cases in which the 
use of carbonate of sodimn, free from any contamination 
of sulphate, is prescribed, the salt may be prepai'ed by 
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washing a poirncl or two of bicarbonate of sodium re- 
peatedly upon a filter, -.vith small quantities of ice-coM 
■water, until the original quantity is reduced to a fifth or 
a sixth of its bulk. 

119. Biboraie of Sodium. Common borax, powdered. 

120, Nitrate of Sodium. Select a white, clean sample 
of the commercial salt, and dissolve 1 part, by weight, in 
3 parts of water. 

121 DjhojJatfi of S ii i Dissolve 1 pai-t, by 
■weifiht of common phosphate of ^odi" in 10 parts of 
w^tei 

122 ** Acid Suljhale of Sodium Heat a mixture of 
16 parts by weight of Glaubei a s-ilt and 5 parts of con- 
centiated eulphunc acid m a plit uum vessel, until a 
portitn of the melte 1 misa becomes distinctly solid when 
tEtken up on t gliss ro 1 Then allow the mixture to be- 
come coll remove the cold lump fiom the platinum 
vessel and bieak it into tiagments Keep the coarse 
powder m a tight gliss stoppeied bottle. 

123. Sulphate of Potassium. Dissolve one part, by- 
weight, of the crystallized salt in 200 parts of water. A 
solution of this strength contains the same proportional 
quantity of sulphuric add as is contained in a saturated 
aqueous solution of sulphate of calcium. Hence it can- 
not precipitate the latter when added to solutions of the 
soluble calcium salts. 

124. Chromoie of Potassium. (The normal or " neu- 
tral" yellow cliromafce.) Dissolve 1 part, by weight, of 
the salt in 8 parts of water. 
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125. Ferrocyanide of Poto^um. ( Tellow frmmte of 
Potash.) Dieeolve 1 part, by ■weight, of the commerciiil 
salt in 12 parts of water. 

126. ** Ferrioyanide of Potassium-. (Red Prussiate of 
Potash.) Since the aqueous solution of tliis salt under- 
goes decomposition, with formation of some ferrocyanide, 
■when kept for any length of time, the salt should be kept 
for use in the form of powder. The commercial salt is 
pure enough for analytical purposes. A. minute fragment 
of it may be dissolved in ■water at the moment of use. 

127. ** Cyanide of Potasnium. The better sorts of 
the coramercial article are piire enough for analytical 
purposes. It should be kept in the solid form, in a 
tightly stoppered bottle. When the solution is required, 
dissolve 1 pai-t of the salt in 4 parts of cold water. 

128. Nitrate of Potassium. Eefined saltpeti-e may be 
employed. It should be kept in the state of powder. 

129. ** Nitrite of Potassium. Weigh out 8 parts of 
concentrated nitric acid, mis it with an equal weight oJ 
water, and place the mixture in a glass flask provided 
with, a perforated cork and gas delivery-tube. The flask 
should be so large that the mixture only hall fills it. 
Throw into the liquid two parts of starch, in lumps, and 
heat the mixture until red fumes of nitrous and hyponi- 
tiic acids begin to be given off ; then remove the lamp 
lest the action become too violent. Conduct the fumes 
into a bottle containing 5 parts of potash-lye of 1.27 sp. 
gr., until the latter is saturated. Then filter the satu- 
rated liquid, and evaporate it to drjtiees. For use, 
dissolve 1 part of the dry salt in 2 parts of water. 
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The nitrite of potassmm bought of dealers in fine 
cbemicals ia often unfit foe tlie uses prescribed in this 
maniial ; it can readily be made good, however, by dis- 
solving it in water, in the proportion above given, and 
saturating the solution with nitrous fumes. 

130. ** Iodide of Potassium, and Starch Papers. Die- 
solve a gramme of pure iodide of potassium (free from 
iodate) in 200 cubic centimetres of water. Heat the 
solution moderately in a porcelain dish, and stir into it 
tea grammes of starch which has been reduced to the 
consistence of cream by rubbing it in a mortar with a 
small quantity of water. Stir the mixture until it gelati- 
nizes, taking care not 'to bum the starch, then allow the 
p^te to cool, and spread it thinly upon one side of white 
glazed paper with a wooden spatula. Dry the paper, cut 
it into strips as large as the little finger and preserve it 
in stoppered bottles kept carefully closed. 

131. Nitrate of Silver. Dissolve 1 part, by weight, of 
the commercial crystals in 20 parts of water. 

132. Slaked Lime. Mis common quicklime with half 
its weight of water. Keep the powder in bottles with 
tight stoppers. 

133. ** Lime Water. Place a handful of slaked hme 
in a large bottle, pour in enough water to almost fill the 
bottle, cork the latter tightly, and shake it at intervals 
during several days. Decant the clear liquid into smaller 
bottles for use. Eefill the large supply-bottle with water, 
and again shake it at intervals. 

134. OMoride of Calcium. Stir powdered white mar- 
ble into dilute chlorhydrio acid until tlio acid is saturated. 
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and dilnto 1 part of the coEceiitrated solution with 5 
parts of water. 

135. Chloride of Barium. Biasolvc 1 part, by weight, 
of tho commercial salt in 10 parts of water. 

136. ** Nitrate of Barium. PissolTC 1 pai-i, by weight, 
of the commercial salt in 15 parts of water. 

137. Acetate of Lead. Dissolve 1 part, by weight, of 
" sugar oJf lead " in 10 parts of water. 

138. Lead-paper. "Wet etripa of white paper in a solu- 
tion of acetate of lead, or better, in a solution of subace- 
tate of lead, and dry them in air which is free from sul- 
phuretted hydrogen. Gut the dried paper into slips as 
large as the little finger, and leep the slips in tightly 
stoppered bottles. Or, paper may be slightly moistened 
with a solution of acetate of lead at the moment of use. 

139. Sulphate of Magnesium and CUoride of Ammonium. 
Dissolve 24.6 grammes of Epsom salt and 33 grammes of 
commercial chloride of ammonium in water, add some 
ammonia-wator to the solution and dilute the liquor to 
the volume of a litre. If leas than a litre of the reagent 
is required, the weights above given may, of course, be 
reduced in any desired proportion. Filter the solution to 
separate any precipitate of ferric hydrate or other inso- 
luble matters which may have been present as impurities 
in the components of the mixture, and preserve the clear 
liquid. 

From a solution thus prepared no hydrate of magne- 
sium can be precipitated by ammonia-water ; heroin con- 
sists the advantage of the mixture as a test for phospho- 
ric and arsenic acids, 
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140. ** Ferric Chloride. This solution is prepared by 
pasaing c]J.priiie gaa through a saturated solution of iron 
tadis in chlorhydric acid, until a drop of the fluid no 
longer produces a blue precipitate in a solution of fer- 
ricjanide of potassium. The solution is then heated to 
expel the excess of chlorine. 

141. ** Nitrate of Cobalt. Dissolve 1 pai't, by -weight, 
of the crystallized salt in 10 parts of water. 

142. ** Sulphate of Copper. Dissolve 1 part, by 
weight, of the crystallized salt (blue vitriol) in 10 parts 
of water. 

143. ** ProtooMoride of Tin,. This solution is prepared 
by boiling scraps of tin with strong chlorhydric acid 
until hydrogen ceases to be evolved. The tin must be in 
excess. The solution is diluted with four times its bulk 
of water acidulated with chlorhydric acid, and filtered, if 
necessary. The clear liquid must be kept in a tightly 
dosed bottle containing some bits of tin. 

144. ** B£d Owide of Mercury. The commercial 
oxide. It should leave no residue when heated upon 
platinjim foiL 

145. *• Chloride of Mercury. Dissolve 1 part pf "cor- 
rosive sublimate" in 16 parts of water. 

14G. ** Bichloride <f Platinum. Cut a small quantity 
of worn-out platinum foil into very fine pieces and boil 
them in a porcelain dish, with successive email portions of 
aqua-regia (§ 101), until all the metal has been dissolved. 
Collect the several portions of aqua-regia, partially satu- 
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rated with platinum, in anotlier dish, and evaporate the 
liquid to dryness on a water bath. Dissolve tlie residue 
in 10 parts of water for use. 

147. ** " Solvtion of Indigo" (SulphindigoHa Acid). 
Pour 5 parts (5 grammes will be ample) of fuming sul- 
phuric acid into a beaker, place the latter in a dish of 
water to keep it eoolj and stir into the acid, Kttle by 
little, 1 part of finely powdered indigo. "\\'heii all the 
indigo has been added to the acid, leave the mixture at 
rest for 48 hours ; then pour it into 20 times its own 
volume of water, filter the mixture, and prcsorvo the fil- 
trate for use. 

148. Litmus Paper. Heat 1 part, by weight, of com- 
mercial Utmus with 6 parts of water, upon a water bath 
for several hours, taking care to replace the water which 
evaporates. Filter, divide the filtrate into two equal 
portions, and stir one-half repeatedly with a glass rod 
dipped in -very dilute nitric acid, until the color appears 
distinctly red. Pour the blue and red halves into a 
porcelain dish, and stir the mixture. Draw strips of 
fine unsized paper through the Hquid, and hang them on 
cords to dry. The color of the paper thus obtained ia 
not blue, but bluish-violet. It turns blue when touched 
with an alkali, and red when exposed to acids, and may 
be used indifferently as a test for either acids or alkalies. 

149. Turmeric Paper. Digest 1 part, by weight, of 
bruised turmeric in 6 parts of warm spirits of wine. 
Filter the tincture and steep in it narrow strips of white 
paper. The dried paper should have a fine yellow color. 

150. Starch Paste should be prepared, when wanted for 
use, by boiling 30 cubic contimetrea of water in a poree- 



i.y Google 



§1 151, 152 DTEssiLS. 146 

lain dish, and stirring into it half a gramine of atarcli 
which has previously been reduced to the conaiatence of 
cream bj rubbing it in a mortar with a few drops of 
water. 

151. Water. Clean rain-water wiU servo well enongh 
for most of the pnrpoaes of this manual. In granitic 
regiona the water of many lates, brooka, and ponds also, 
is nearly pure. Pure water may be obtained by melting 
bloelrs of compact ice, or by distilliug ordinary water in 
glass or copper retorts and rejeciing the first portions 
of the distillate. It should yield no precipitate when 
tested with chloride of barium and nitrate of silver. 



CHAPTEE XY. 



152. The implements required by the student of 
qualitative analysis are few and simple. Beaidea bottles 
for the reagents enumerated in the foregoing list, and a 
few small phials for the preservation of samples of salts 
and mixtures to be analyzed, there will be needed : — 

A dozen teat-tubes, A gas-bottle for generating 
A wooden test-tube rack, sulphuretted hydrogen, 

A test-tube bruah, A common jewellera' blow- 
A nest of small beakers, pipe, 

2 or 3 glass stirring-rods, A pair of small iron pincers 

3 small glass funnels, (jewellers' tweezers), 

1 small glass flask, A piece of platinum foil, 

1 wash-bottle, A bit of platinum wire. 
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2 email evaporating diehes, A few packages of out Altera 
1 porcelain crucible, or a quire of filter paper, 

1 triangle of iron wire, A few corks or caoutolioue 
An iron ring-stand, stoppers, 

A filter-stand, A piece of blue cobalt glass 

A lamp, (see §41). 

153. Reagent Bottles. The bottles in which reagents are 
kept should be of cylindrical sliape, and rather high 
than wide. They should he closed with glass stoppers 
which fit accurately, hut are not very finely ground. The 
stoppers should have upright (not mushroom-shaped) 
heads. Most of the liquid reagents may be conveniently 
kept in narrow-mouthed bottles of the capacity of 6 fluid 
ounces ; but to avoid the necessity of frequently refilling 
the bottles, it ia well to keep the solutions most commonly 
employed— namely, dilute chlorhydric and nitric acids, 
caustic soda, ammonia-water, chloride of ammonium, and 
carbonate of ammonium — in 8-ounce bottles. Care must 
be taken in this case to choose bottles of such shape that 
they can be readily griped between the thumb and 
fingers. 

For the reagents which are to be kept in the dry state, 
wide-mouthed bottles of the capacity of 2 or 3 ounces 
should he chosen. 

Reagent bottles should always be made " estra-heavy," 
since, from constant use, they are exposed to many blows. 
The lustrous " flint-glass bottles " of American or English 
make are HI suited for the preservation of liquid reagents; 
for such glass is easily attacked by many chemical agents, 
and is therefore likely to render the reagents impure. 
German bottles are usually to be preferred. They are 
made of glass fi'ee from lead, have round shoulders and 
well-ground stoppers, and are often numbered both upon 
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the bottle and the stopper, so that the proper place of the 
latter can always bo discovered, Freueh bottles, though 
made of good glass and sold at a low price, have ■usually 
such square shoulders that it is well nigh impossible to 
empty them completely, and often difficult to pour out a.- 
liquid from them drop by drop. Their stoppers, more- 
over, are usually too finely ground, and are hence con- 
stantly liable to stick fast. 

Each reagent bottle should be kept iu a particular 
place on shelves before the operator and convenient to 
his hand. Whenever a. reagent is to be used, the bottle 
which contains it should be grasped in the right hand ; 
the stopper should be taken out by pinching it between 
the first and second, or third and fourth, fingers of the 
left hand, or by pressing it between the little finger 
and palm of that hand. In either case, the bottle is 
withdrawn from the stopper, and not the stopper b-orn 
the bottle. Neither bottle nor stopper should be put 
upon the table ; the stopper should be held in the left 
hand as long as the bottle is open. When the reagent 
has been poured out, the bottle is immediately closed, 
and returned to its own place upon the shelf. If these 
apparently trifling particulars are scrupulously attended 
to, no stopper can ever be misplaeed, or soiled by 
contact with liquids or dirt on the table ; and the 
bottle will alwayg ba found in its proper place when 
instinctively reached for. MoreoTer, the label on the 
bottle cannot be injured by drops of the reagent, since 
the liquid must necessarily be poured from, the back, or 
blank, side of the bottle, 

154. When a stopper sticks tightly in the neck of a 
bottle, it may aometunes bo loosened by pressing it first 
upon one side, and then upon the other, with the thumb 
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of the right hand, while the fingers of that hiuid grip the 
bottle, and the bottle is held still with the left hand. Or 
the neck of the bottle may be immersed in hot water for 
a mimite or two, to expand the glass outside the stopper. 
The stopper can then usually be taken out without 
troable. The hot water may be conveniently applied by 
pouring a alow stream of it from a wash-bottle upon the 
neck of the bottle. Another way is to heat the neck of 
the bottle over a very email fiame of the gas or alcohol 
lamp. No matter how the glass is heated, the bottle 
must be constantly turned round and round, in order 
that each side of the neck may be equally exposed to the 
heat, imd the risk of cracking the bottle so be lessened, 

155. Test-tubes arc little cylinders of thin glass with 
round thin bottoms and lips slightly flared. Their length 
may be from five to seven inches, and their diameter from 
one-half to three-fourths of an inch ; they shoidd never 
be so wide that the open end cannot foe closed by the ball 
of the thumb. 

Test-tubes are used for heating small quantities of 
liquid over the gas or spirit-lamp ; they may generally be 
held by the upper end in the fingers without inconve- 
nience ; but in case they become too hot to be held in 
this way, a strip of thick folded paper may be nipped 
round the tube, and grasped between the thumb and fore- 
finger just outside the tube. 

Two precautions are invariably to be observed in heat- 
ing test-tubes : — 1st. The outside of the tube must be 
wiped perfectly dry ; and 2nd. The tube must be moved 
in and out of the flame for a minute or two when first 
heated. It should be rolled to and fro also to a shght 
extent between the thumb and forefinger, in order that 
each side of it may be equally exposed to the flame. A 
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drop of water on the ontside of the tube keeps one spot 
cooler than the rest. The tube breaks, beoause ite partSj 
being unequallj- heated, expand unequally, and tear apart. 

When a Hquid is boiling actively in a test-tube^ it some- 
times happens that portions of tlie hot liquid are pro- 
jected out of the tube with some force ; the tabe should 
therefore always be held in an inclined position, and the 
operator shotild be careful not to direct it towards him- 
self, or towards any other person in his neighborhood. 

Test-tubes are cleaned by the aid of cylindrical brushes, 
made of brietlea caught between twisted wires, lite those 
used for cleaning lamp-chimneys ; the brushes should 
have a round end of bristles. 

156. Test-tvbe Sack. Test-tubes are kept in a wooden 
rack, such as is represented in Figure 1. "When in use, 
the tubes stand upright in the 
holes of the rack ; but clean tubes ^^- ^■ 

are inverted upon the pegs behind 
the holes, in order that they may 
be kept free from dust, and that | 
the last portions of wash-water [ 
may drain away from them after 
washing. The rack should be 
large enough to hold a dozen tubes. 

IST. Flashs. Small Berhn flasks, of two or three 
ounces capacity, are well suited for the purposes of quali- 
tative analysis. These German flasks are tough, capable 
of withstanding sadden changes of temperature, and 
durable, although their bottoms and sides have aU the 
requisite thinness. When a hquid is to be boiled in a 
flask, the flask should be placed upon a support of wire- 
gauze (g 165), and sufficiently inclined, to prevent any 
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particles of tliG liquid from being thrown out of the neck 
by the movement of ebullition. 

A.3 with test-tubes, and all other glass or porcelain Yea- 
eels, of whatever form, the outside of a Hask must be 
wiped perfectly diy before exposing it to the lamp. The 
flame should be moved abont also beneath the flask, at 
first, in order that the temperature of the latter may be 
raised equally and not too rapidly. 

158. Beakers are thin, flat-bottomed tumblers, with a 
slightly llitriiig rim. They are bought in seta or nests. 
A nest in which the largest-sized beaker has a capacity of 
about 6 ounces will be sufficient for the requirements of 
this work. 

159. Glass Funnels should be thin and light, and 
should be aboat 2 or 2.5 inches in diameter, Their sides 
should incline at an angle of 60". The wider the throat 
of the funnel the better. 

160. Filtering. Paper filters are employed in quali- 
tative analysis to separate precipitates from the liquids in 
which they have been formed. A good filtering-paper 
must be porous enough to filter rapidly, and yet suffi- 
ciently close in texture to retain the finest powders ; and 
it must also be strong enough to bear, when wet, the 
pressiu-e of the liquid which is poured npon it. Filter- 
paper should never contain any gypsum or other soluble 
material, and should leave only a small proportion of 
ash when bui'ned. "White or light-gray paper is to be 
preferred to colored, since it more commonly fulfils these 
requirements. 

Filtering-paper is commonly sold in sheets, which may 
be cut into circles of any desired diameters for use, ac- 
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cording to the various scales of operation and quantities 
of liquids to be filtered. Or packages of " cut-filters " 
may be procured ready-made from the dealers in chemical 
wares. 

As a general rule, small filters should be employed in 
analytical operations ; the mixture to be filtered should 
be ponred, by email aucceasive portions, upon a filter no 
larger than is needed to hold the whole of the solid 
matter which is to be collected. Filters about three 
inches in diameter are well suited for moat of the ana- 
lytical operations described in this -work, though there 
are many cases where smaller filters are required, and a 
few instances in which filters as large as four inches in 
diameter m.ight be necessary. 

There are two ready methods of preparing filters for 
use. According to the first method^ shown in Pig. 2, a 

circle of paper is folded 
^'^* ^' over on its own diameter, '^' ' 

and the semiciicle thus ob 

tamed la folded once upon 

it^tK into the form of a 

quidrint the paper thui 

tolded IS openei so that | 

thico tliioknesses shvll 

tome upon one side and 

one thickness upon the 
other, aa aliown m the uppei half of Fig. 2 , the filtei is 
then placed in a glass funnel, the angle of which should 
be precisely that of the opened paper, tIz., 60°. The 
paper may be so folded aa to fit a funnel whose angle is 
more or less than 60° ; but this ia the most advantageous 
angle, and funnels should be selected with reference to 
their correctness in this respect. 

In the second method of folding filters, the circle of 
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paper ia doubled once upon itself, as before, into tlie form 
of a semicircle, and a fold equal to one quarter of tMa 
semicircle ia turned down on each side of the paper. 
Each of the quai-ter semicircles is then folded back upon 
itself, as sho-wn in the lower haJf of Fig. 3 ; the filter is 
opened, without disturbing tbe folded portions, and 
placed in the funnel Filtration can be rapidly effected 
with this kind of filters, for the projecting folds keep 
open passages between the filter and the funnel, and thus 
facilitate the passage of the liquid. That portion of the 
cirisle of paper, which mtist neceeearily be folded up in 
order to give the requisite conical form to a paper filterj 
retards filtration in the first manner of folding, but helps 
it in the second. 

A filter should always be moistened with water after it 
has been placed ui the funnel, in order that the fibres of 
the paper may be swollen and the size of its pores dimin- 
ished, before any of the matter to be filtered can pass 
into them. 

Coarse and rapid filtration— as in the preparation of 
reagents— can be effected with paper filters of large 
size, or with cloth bags ; also by plugging the neck of a 
funnel or leg of a siphon loosely with tow or cotton. If 
a very acid or very caustic liquid, which would destroy 
paper, cotton, tow, or wool, is to be filtered, tlie best sub- 
stances wherewith to plug the neck of the fiuinel are 
asbestos and gun-cotton, neither of which is attacked by 
such corrosive hquids. 

16L FUter-Sland. Filters less than two inches in 
diameter may be placed directly in the mouth of a 
test-tube without need of even a funnel to support them ; 
and in general the funnel which holds a filter may be 
thrust directly into the mouth of a test-tube whenever 
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the quantity of liquid to be filtered is small, if only an 
ample exit be provided for the air in the ^^ 4_ 
tube, in the manner shown with the bottle 
of Fig. 4. 

But when the quantity of liquid to be e-^ - 
filtered is eomparatively large, or the opera- * 
tions to which the filtrate is to be subjected 
require that it should be collected in a 
beaker or porcelain dish, the funnel should 
have an independent support. The ii-on 
ring-atand, described in § 165, may be uaed 
for this purpose in case of need ; but wooden £ 
the form represented in JTig. 5, adapted expressly for 
holding funnels, are very convenient and not expensive. 
The horizontal bar which holds the funnel may be fixed 
at any height on the vertical square rod by means of a 
wedged-shaped key, whose form ig shown in the figure, 
A fine-grained wood, which does not swell or shi-iirk 
much, is desirable for filter-stands. 

^, ^ In general, care should be 

taken that the lower end of 
the funnel touch the side or 
edge of the vessel into which 
the filtrate descends, in order 
that the hquid may not fall in 
drops, but run quietly with- 
out 




162. Porcelain Dishes and 

Crumbles. Small open dishes 

which will bear heat without 

. cracking, are much used for 

boiling and evaporating li- 

Tho best evaporating-dishes are those made of 
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Berlin porcelain, glazed botli inside and out, and provi- 
ded witli a little lip projecting beyond the rim. The 
dishes mado of Meissen porcelain are not glaaed on tlie 
outside, and are not so dui'able as those of Berlin manu- 
facture ; but they are much cheaper, and with proper 
care last a long time. 

The smaU Berlin dishes, Nos. " 00," " 0," and " 1," are 
TveU suited for all the requirements of this work. They 
■will generally bear an evaporation to dryness and subso- 
ijuent ignition over the open flame of a gas lamp — as 
when am.m.onii]m aalta are expelled from Class YH (§ 41) 
— ^but it ia well to protect the dish somewhat by placing 
it upon a piece of wire-gauze, rather than to support it 
upon a simple triangle. The Meissen dishes do not so 
well endure an open flame. The cheaper kinds of evap- 
orating dishes, made of " semi-porcelain," should never 
be subjected to this severe treatment ; they are, for thai 
matter, unlit for use in qualitative analysis. 

Very thin, highly glazed porcelain crucibles, with glazed 
covers, are made both at Berlin and at Meissen near 
Dresden. In general the Meissen crucibles are thinner 
than the Berlin, but the Berhn crucibles are somewhat 
less hablo to crack ; both kinds are glazed inside and 
out, except on the outside of the bottom. The Berlin, 
Nos. " 00 " and " 0," respectively 1 1-4 and 1 1-2 inches 
in diameter, are beat suited for the purposes of this 
manual As the covers are much less hable to be broken 
than the crucibles, it is adve afcageous to buy more craci- 
bles than covers, whenever it ia possible so to do. Por- 
celain crucibles are supported over the lamp on an iron 
■wire triangle ; they must always be gradually heated, and 
never brought suddenly in contact with any cold sub- 
etance while they are hot. 
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163, Lamps. Hhe common spirit-lamp wiJl 
be understood -without description, from the 
figure (Fig. 6). When not actually hghted, 
the wick niu&t be kept covered with the glass 
cap ; for it the wick were exposed to the air, 
the alcohol in the spirit upon it wonid eyapo- , 
rate faster than the water, and the cotton 
would soon become water-soaked and incapa- 
afole of being lighted. 

Whenever gas can be obtained, gas-lamps are g 
to be preferred to the best spirit-lamps. For all ordinary 
uses, the gas-lamp known as Bunsen's burner may be em- 
ployed. The cheapest and beat construction of the lamp 
may be learned from the following description with the 
accompanying figures. (Pig. 
7.) The single casting of 
brass a b comprises the tube b 
through which the gas enters, 
and the block a from which 
the gas escapes by two or 
three fine vertical holes pass- 
ing through the screw d, 
and issuing from the upper 
face of d, &B shown at e. The 
length of the tube 6 is 4 5 c 
m., and jt=i outside diameter 
varies from 0.5 c. m. at the outei end to 1 c m, at the 
junction with the block a. The outside diametei of the 
block a is 1.6 c. m., and its outside height without the 
screws is 1.8 c. m. By the sci-ew r. the piece a 6 is at- 
tached to the iron foot g, which may be 6 c. m. in diame- 
ter. By the screw d, the brass tube / is attached to the 
casting a b. The diameter of the face e, and therefore the 
internal diameter of the tube /, should be 8 m. m. The 



I .y Google 



156 



§16-1 



length of the tnbe ;^ js 9 c m. Through the wall of this 
tube fotu hole? 5 m m m diameter, are to be cut at such 
a height that the bottom of each hole will come 1 m. m. 
aboie the lice e when the tube is screwed upon a h. 
Theje holea aie of couise opposite each other in pairs. 
The finished lamp is 'iIbo shown in the figure. To the 
t ibe h a caoutchotio tube of 5 to 7 m. m. internal diame- 
tei 13 attached , thiy flexible tube should be about 1 m. 
iDug, ind its othei estiemity should bo connected with 
the gas Ciclf thiough the intervention of a short piece of 
bnss gas p p6 stiewLfl mto tho coek. 

In cases wheie a "\eij small flame is required, as, for 
example, in evapoiatmg sm^ll quantities of hquid, a piece 
of wne gauze somewhat lirger than the opening of the 
tube f should be liid across the top of the tube, and its 
projettmg edges piessed down tightly against the side of 



tae tube before the lamp 



hghted. In default of this 
precaution, tho flame of a Bun- 
een's burner, when small and 
exposed to currents of air, is 
hablo to pass down the tube, 
and ignite the gas at d. 

164. Blast-lainps and Bloio- 
ers. Though well suited for 
all the ordiaary operations of 
the laboratory, the lamps 
above described are incapable 
1 of yieldingaveryintenseheat. 
3, when the contents of a 
platinum crucible are to be 
■ intensely heated, a 
blast-lamp will be found use- 
ful. The best form is that sold under the name of Bun- 
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sea's Q-as Blowpipo, Its construction aed tlie metliod of 
using it may be learned from the accompanying figure ; 
o 6 is tlie pipe through which the gaa enters, c is the tube 
for the blast of siir ; the relation of the air-tube to the exter- 
nal gaa tube is shown at d ; there is an outer sliding tube 
by which the form, and volume of the flame can be regulated. 



aphtha 



If gas is not to be had, a lamp burning oil 
may be employed, Figure 9 v 
glass-blower's lamp, suitable for 
burning oil. A lai-ge wiek is 
essential, whether oil or naph- 
tha be the combustible. 

For every blast-lamp a blow- 
ing machine of some sort is 
necessary. To supply a con- 
stant blast it is essential that the beUows be of that con- 
struction called double. Figures 10 and 11 represent two 
forma of blowpipe-table ; their height is that of an 
ordinaiy table, from which dimension the otlier propor- 
tions may be inferred. A small double-acting bdlows is 
made (formerly used by dentists), whicli is available at 
any table by the help of a caoutchouc tube to conduct the 
blast to the jet. These bellows ai-e 
too small to give a steady flame of 
largo size, but wiU, nevei-theless, 
answer for most of the glass-blow- 
ing neeeasary in the execution of 
the experiments described in this 
manual. 

Where an abundant supply of 
water is at command, the following 
blowing apparatus is very conve- 
nient : A tin pipe « b (Fig. 12), 
n.lDo\it 1 metre long and 13 m, m. 
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ill diameter, has two smaller pipes, 12 to 10 c. m. long, 
soldered into it ; these small pipes aa-e 8 m. m. in diam- 
eter ; one, c d, is inserted at right angles 12 c. m. from 
the end, the other, ef, 2.5 c m. lower, at an angle of 45". 
The lower end of tlie tube passes through the corl: of a 





wille-mouthcd ten-hti'O bottle, extending ratlior nioio 
than half way down. Two glass tubes also pa«a through 
the cork of the bottle—a short small tube ^,]Sfo. 4, (§ 171) 
which shonld reach some 16 c. m. above the cork, but 
should not project into the bottle, and a larger tube h, 
Ko. 2, extending to the bottom of the bottle. The outer 
end of the tube h bends oTor, and is connected by 
caoutchouc tiibing with a straight tube of equal diameter. 
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Tills last arraiigement forma the siplion. To tho tubo g 
a caoutcliOTic tube, y i, is attached to convey the blast to 
iiiiy desired point. To produce a blast, the water-cook ia 
connected with the tube c d hj means of a caontchonc 
tube. "When the water is turned on, the caoutchouc tube 
g i ia closed for a moment with the thumb aiid finger. 
This starts the water through the aiphon, and immedi- 
ately a continuous and powerful blast of air rushes out 
through the tube g i, and may be carried directly to the 
blow-pipe. The siphon must be capable of carrying off a 
larger stream of water than that which ig allowed to enter, 
SO that there shall never be more than 3 or 4 e. m, of 
water in the bottle. By regulating the water-coct, the 
proper supply of water may be determined. 

The same apparatus may be used aa an aspirator. When 
tl e n ti u lent is to be used to draw air through any appa- 

t th ipper end of the tube « i is closed with a cork, 
and th t be e/is' connected with tlie apparatus throiigh 

h h the current of air ia to be drawn. The force of 
th nt of air ia to a certain degree affected by tlie 

f the tube ah; to diminish the effectivo cahhre of 
th t 1 a in case a gentle ciu'rent of air is required, a 
f 1 1 as long as tlie tiihe may be passed down tlie 

t ! th ugh a cork inserted at a. The same apparatus 
nay th be made to produce a gentle or a powerful cur- 

nt of u 

In default of a blast-lamp, platinum crucibles may 
readily be ignited in a fire of coke or anthracite. To this 
end, pla,ce tlie tightly coyered platinum crucible in a 
somewhat larger cinicible of refractory clay or Hessian 
wai'e, and pack the space between the two crucibles 
tightly with calcined magnesia, so that the platinum may 
nowhere come in contact with the clay. Cover the coarse 
crucible, and place it, with its contents, in the coal fire. 
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iu snch a, mnnner that it may be gradually heated ; finally, 
imbed the cmcible in the glowhig coala and urge the 
draught of the furnace for half an hour. The degree of 
heat to which the contents of the platinum crucible may 
be exposed in this way ia an eiBcient fire, is really far 
greater than that of the blast-lamps above described ; but 
the lamps are more convenient than the fire. 

The effect of a simple Bansen's burner may be greatly 
increased -without the use of any blowei-, by surrounding 
its flame with a cylinder of fire-clay, 3 inches in diameter 
by 4 or 6 inches high, and having walls at least ^ of an 
inch thici. The crucible, or other body to be heated, 
is hung iu the middle of this chimney, and is thus 
exposed not only to the direct heat of the flame, but 
also to the radiant heat from the clay walls which sur- 
round it. 

"Where no gas is to be 
had, an alcohol lamp 
with cii-cular wick, of 
some one of the numer- 
ous forms sold under tho 
name of Berzelius's Ar- 
gand Spirit Lamp (Fig. 
13), will be found usefuL 
These argand lamps are 
usually momited on a 
lamp-stand provided with 
tlii-ee brass rings ; but 
the fltting^ of these 
lamps are all made slen- 
der, in order not to carry 
off too much heat. When 
it is necessary to heat heavy vessels, other supports must 
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165. Iron-sland, Tripod, Wire-gauze, and Triangle. To 
support TeBsela over the gaa-lamp, an iron-stand is used, 
consisting of a stout vertical rod fastened into a heavy, 
cast-iron foot, and three iron rings of graduated sizes 
secured to the vertical rod wiili hinding eci'eivs ; all the 
rings may be slipped off the rod, or any ring may be 
adjuatod at any convenient elevation. The general ar- 
rangement is not unlilce that of the stand which makes 
pai't of the Berzeliua lamp (Fig. 13), altliongh simpler 
and cheaper. As a general rule, it is not best to apply 
tlie direct flame of the lamp to glass and porcelain ves- 
sels ; hence a piece of iron "wire-gauae of medium fineness 
is stretched loosely over the largest ring, and bent down- 
wards a Httle for the reception of round-bottomed vessels. 
On this gauze flasks and porcelain dishes are usually 
supported. Crucibles, or dishes, too small for the smallest 
i-ing belonging to the stand, ai'e conveniently supported 
on aji equilateral ti'iangle made of three pieces of soft 
iron wire twisted together at the apices ; this triangle is 
laid on one of the rings of the stand. An iron tiipod — 
that is, a stout ring supported on three legs— may often 
be used instead of the stand above desci'ibed, bnt it is not 
so generally useful because of the difficulty of adjust- 
ing it at various heights ; with a suiEciency of wooden 
blocks wherewith to raise the lamp or the tiipod as oc- 
casion may requhe, it may be made available, 

166. Water-lath and Sand-hath. It is often necessai-y 
to evaporate solutions, or to dry precipitates at a moder- 
ate temperature which can permanently be kept below a 
certain known hmit. Thus, when an aqueous solution is 
to be quietly evaporated without spirting or jumping, the 
temperature of the solution must never be stiffered to rise 
above the boiling point of water, nor even quite to reach 
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this point. This qniet evaporation is best effected by the 
use of a water-bath — a copper cap whose 
" ' top ia made of coneentiic rings of differ- 

ent diametera, to adapt it to dishes of 
various size (Fig. 14). Tiiis cup, two- 
thirds full of water, ia supported on the 
iron-stand over the lamp, and tho dish 
contaiuii^ the solution to be evaporated 
is placed on that one of the several rings 
which will penoifc the greater part of the dish to sink into 
the copper cup. Tlie steam rising from the water impinges 
Upon the bottom of the dish, and brings the liquid ■within 
it to a temperature which insures the evaporation of the 
water, but will not cause any actual ebullition. The 
water ia the copper cup must never be allowed to boil 
away. Wherever a constant supply of steam is at hand, 
as in buildings warmed by steam, the copper cup above 
described may be converted into a steam-bath, by attach- 
ing it to a steam-pipe by means of a small tube provided 
with a stop-coet. 

A cheap but serviceable water-bath may be made from 
a quart milk-can, oil-can, tea-oaniater, or any similarly 
shaped tin vessel, by inserting the atem of a glass funnel 
into the neck of the can through a well-fitting cork. In 
tliia funnel the dish containing the hquor to be evaporated 
rests. The can contains the water, which is to be kept 
just boihng. On account of the shape of the funnel, 
dishes of various sizes can be used with the same appa- 
ratus. 

When a gradual and equable heat, higher than can be 
obtained upon the water -bath, is required, a sand-bath 
will sometimes be found uaefuL A cheap and convenient 
sand-bath may be made by beating a disk of thin slieet- 
iron, about foar inches in diameter, into tho form ot a 
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saucer or shallowpaii, and placing witluii it a small quan- 
tity of dry sand. The dMi or flask to be heated is im- 
bedded in the sand, and the apparatus placed upon a 
ring of the iron-stand over a gas-lamp. 

167. Blmv-pipe. The cheapest and best form of mouth 

blow-pipe for chemical pm-poses is a tube of tin-plate, 

about 18 c. m. long, 2 c. m. broad 

at one end, and tapering to 0.7 c. 

m. at the other (Pig. 15) ; the 

broad end is closed, and a little 

above this closed end a small 

cylindrical tube of brass about 5 

c. jn. long is soldered in at right 

angles ; this brass tube is slightly 

conical at the end, and carries a 

small nozzle or tip, which may bo 

made either of brass or platinum. 

The tip should be dt-illod out of a solid piece of metal, 
and should not be fastened upon the brass-tube with a 
screw. A trumpet-shaped mouth-piece of horn or box- 
wood is a convenient, though by no means essential addi- 
tion to this blow-pipe. 

The blow-pipe may bo used with a candle, with gas, or 
with any hand-lamp proper for burning oil, peti'oleum, or 
any of the so-called burning fiuids, provided that the 
form of the lamp below the wick-holder is such as to per- 
mit the close approach of the object to be heated to the 
side of the wict. When a iMnp is used, a wiclc about 1.2 
c m. long and 0.5 C. m. broad is more convenient than a 
round or narrow wick ; a wick of this sort, though hardly 
so mde, is used in some of the open burning-fluid (naph- 
tha) lamps now in common use. The wick-holder should 
be filed off on its longer dimension a little obliquely, and 
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the wjcli cut parallel to the holder, in order that the blow- 
pipe flame may bo directed downwards when necessai-y 
(rig. IG). A gas flame suitable for the blow-pipe is 
readily obtained by slipping a naiTOW brass-tube, open at 
both eucls, into the tube/ of Bunsen's burner. (See Fig. 
7.) This blow-pipe-tube must be long enough fco close 
the air apertures in the tube f, and should be pinched 
together and filed off obliquely on top, as shown in Fig, 
16 ; it may usually be obtained with the bm'uer from 
dealers in chemical ware. 

To iise the mouth blow-pipe, place the open end of the 
tin tube between the lips, or, if the pipe is provided with 
a mouth-piece, press the trumpet- shaped mouth-piece 
against the lips ; fill the mouth with air till the cheeks 
are widely distended, and insert the tip in the flame of a 
lamp or candle ; close the communication between the 
lungs and the mouth, and force a current of air through 
the tube by squeezing the ail' in the mouth with the 
muscles of the cheeks, breathing, in the meantime, regii- 
larly and quietly through the nostrils. The hnack of 
blowing a steady stream for several minutes at a time is 
readily acquired by a little practice. It will be at once 
obsei-ved that the appearance of the flame varies consider- 
ably, according to the strength of the blast and the posi- 
tion of the jet with reference to the wick. 

"When the jet of the 
blow-pipe is inserted 
into the middle of a 
candle-flame, or ia 
placed in the lamp- 
^:a. flame in the position 
shown in Fig. 16, and 
a strong blast is forced 
through tho tube, a 
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long, blue cone of flame, a h, is proclneed, boyond and 
outside of wliicli ati-etches a more or less colored outer 
cone towards c. The point of gi'eatest heat in this 
flame is at the point of the inner blue cone, because 
the combustible gaaea are there supplied with just the 
quantity of oxygen necessary to consume them, but 
between this point and the extremity of the flame 
the combustion ia concentrated and intense. The 
gi-eater part of the flame thus produced is oxidizing 
ill its effect, and this flame is technically called the oxid- 
izing fame. From the point a of tlie inner blue cone, the 
heat of the flame diminishes in both directions, towards 6 
on the one liand, and towards c on the other ; moat sub- 
stances require the temperature to be found between a 
and c. Oxidation takes place most rapidly at, or just be- 
yond, the point C of the flame, proyided that the tempera- 
ture at this point is high enough for the speciaJ substance 
to be heated. 

A flame of precisely the opposite chemical effect may be 
produced with the blow-pipe. To obtain a good reducing 
flame, it is necessary to place the tip of the blow-pipe, not 
within, but just outside of the flame, and to blow rather 
over than through the middle of the flame (Fag. 17). In 
tliia manner the flame is less altered in its general char- 
acter than in the former 
ease, the chief pai'tcon- ^= '' 

sisting of a large, lu- ~iC^ 
minous cone, contain- i^^ 

iag a quantity of free *«eai 

eai-bon in a state of 
intense ignition, and 
just in the condition for 
taking up oxygen. This 
flame is, therefore, re- 
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ducing in ita effect, and ia teelinically called the reducing 
flame. The substance which is to be reduced by expo- 
sure to this flame, shonid be completely covered up by 
the lumhioiis cone, so that contact with the air may be 
entirely avoided. It is to be observed tliat, whereas to 
produce an effective oxidizing flame a strong blast of air 
is desirable, to get a good reducing flame the operator 
should blow gently, with only enough force to divert tho 
lamp-flame. 

Substances to be heated in the blow-pipe flame are 
supported, sometimes on cliorcoal, and sometimes on 
platinum foil or wu-e, or in platinum spoons or forceps. 
Charcoal is especially suitable for a support in experi- 
ments of reduction, 

163. Platinum foil and vnre. Pincers. A piece of 
platinum foil about IJ inches long and 1 inch wide will 
be sufacient. The foil should be at least so thick that it 
does not crinkle when wiped ; and it is mora economical 
to get foil which is too thick than too thin, for it recjuiies 
frequent cleaning. To keep foU in good order it should 
be fi-equently scoured with fine moist sand, and in case 
the foil becomes wrinkled it may be burnished by placing 
it upon the bottom of an inverted agate or porcelain 
mortar and rubbing it strongly with the pestie. 

A bit of platinum wire, not stouter than tiie ■wire of a 
small pin and about 3 mches long, will last a long time 
with carefid usage. It maybe cleaned by long-continued 
boiling in water. A small loop about as large as this O, 
should be bent at each end of the wire. 

When platinum foil is to be heated it may be held at 
one end with a pair of the small steel pincers known as 
jewellers' tweezers. A piece of platinum wire, as long as 
the one above described, can be held in tlie fingers with- 
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out iaeonvenience, for platinum is, comparatively speak- 
ing, a bad conductor of heat. Pieces of wire too short 
to be held m.ay be m.ad6 serviceable by thrusting one end 
of the wire into the end of a glass rod or closed tube 
which has been softened in the blow-pipe flame. 

169. Platinum. Crimbles. For several of the opera- 
tions of quantitative analysis as now practised, platinum 
crucibles are indispensable, and though not absolutely 
necessary for the profitable study of qualitative analysis, 
one of these vessels will often be found convenient by 
the student of the elements of analysis. It will be well, 
therefore, for the student who proposes to continue his 
chemical studies beyond qualitative analysis, to procure 
a platinum crucible once for all. A crucible of the ca- 
pacity of about 20 cubic centimetres will be large enough 
for most uses ; it should be cylindrical rather than flaring, 
and should be provided with a loose cover in the form of 
a shallow dish. 

No other metal, and no mixture of substances fi-om 
which a metal can be reduced, must ever be heated in o, 
platinum, crucible, or upon platinum foil or wire, for 
platinum forms alloys with other metals which are miich 
more fusible than itself. If once alloyed with a baser metal, 
the platinum ceases to be applicable to its peculiar uses. 

Platinum may he cleaned by boiling it in either nitric 
or chlorhydric acid, by fusuig acid sulphate of sodium 
upon it, or by scouring it with fine sand. Aqua-regia 
and chlorine-water dissolve platinum; the sulphides, 
cyanides, and hydrates of sodium and potassium, when 
fused in platinum vessels, slowly attack the metal. 

no. Wanh-lottle. A. wash-bottle is a flask with a 
uniformly thin bottom, closed with a sound cork or caout- 
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ehouo stopper through wluch pass two glass tubes, as 
shown in Pig. 18. 

The outer end of the longer tube is draMTi 
Fis. 18. to a moderately fine poiat. A short hend 
r the bottom of this longer tube, in the 
same plane and. dhection as the upper bend, 
is of some use, becanae it enables the operator 
:^ to empty the flask more completely by in- 
ohning it. By blowing into the short tube, 
a stream of water will be driyen out of the 
long tube with considerable force. This 
I force with ■vvhicli the stream is projected 
adapts the apparatus to removing precipi- 
tates from the aides of vessels as well as to 
washing them on filters. For use in analytical opera- 
tions, it is often convenient to attach a caoutchouc tube 
12 or 15 c. m. long to the tube through which the air is 
blown ; this flasible tube should be provided with a glass 
month-piece, consisting of a bit of glass tubing about 3 
c. m. long. As the wasli-bottle is often filled with hot or 
even boiling water, it may be improved by binding about 
its neck a ring of cork, or winding the neck closely with 
smooth cord. It may then be handled ivitliout inconve- 
nience when hot. 

The method of making a wash-bottle ia described in 
the following paragraphs. 

171. Glass Tubing. Two qualities of glass tubing are 
used in chemical experiments : that which softens readily 
in the flame of a gas or spirit-lamp, and that ■which fuses 
with extreme difficulty in the flame of the blast-lamp. 
These two quahties are distinguished by the terms so/i 
and hard glass. Soft gla^ in to be preferred for all uses 
except the intense heating, or ignition, of dry substances. 
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Fig. 19 represents the common sizes of glass tubing, both 
hard and soft, and shows also the proper thidmess of the 
glass walls for each size. The numbers ranging from 4 
to 8 are best suited for use in qualitative analysis. 

Tig. 19. 




172. Stirring Hods. Cut a short sticls: of glass rod. 
Ho. 8 or 7, into pieces four or five inches long (see the 
next paragraph), and round the sharp ends bj fusion in 
the blow-pipe-flame. 

173. Culling and cracking glass. Glass tubing and 
glass rod must generally be cut to tlie length required 
for any particular apparatus. A sharp ti-iangiilar file is 
used for Hiis purpose. The stich of tubing, or rod, to be 
cut is laid upon a table, and a deep scratch is made with 
the file at the place where the fracture is to be made. 
The stick is then grasped with the two hands, one on 
each side of the mai'k, while the thumbs are brought to- 
gether just at the scratch. By pushing with the thumbs 
and pulling in the opposite direction with the fingers, the 
stick is broken squarely at the scratch, just as a stick of 
candy or dry twig may be broken. The sharp edges of 
the fracture should invariably be made smooth, either 
with a wet file, or by softening the end of the tube or 
rod in the lamp (§ 174). Tubes or rods of sizes four 
to eight inclusive mayreadily be cut in this manner; tho 
liirger siaes are divided with more difficulty, and it is 
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often necGsaai'y to make the file-mark both long and 
deep. An even fi-acture is not always 
to be obtained witli largo tubes. The 
lower ends of glass funnels, and those 
ends of gas delivery-tubes wbicli enter 
the bottle or flaslc in which the gas ia 
generated, sbouid be SJed off or ground 
off on a grindstone, obliquely (Fig. 20), 
to facilitate the dropping of liquids from such extremi- 
ties. 

In ortler to cut glass plates, the glazier's diamond must 
be resorted to. For the cutting of exceedingly thin 
gloss tubes, and of other glass ware, lite flasha, retorts, 
and bottles, still other means axe resorted to, based upon 
the sudden and unequal application of beat. The process 
divides itself into two parts, — ^the producing of a crack in 
tlie required place, and the subsequent guiding of this 
craefe in the desired direction. To produce a crack, a 
scratch must be made with the file, and to this scratch a 
pointed bit of red-hot charcoal, or the jet of flame pro- 
duced by the mouth blow-pipe, or a very fine gas-flame, 
or a red-hot glass-rod, or iron -wire, may be applied. 
If the heat does not produce a ci'ack, a wet stick or 
file may be touched tipon the hot spot. Upon any 
part of a glass surface except the edge, it is not pos- 
sible to conti-ol perfectly the direction and extent of 
this first crack ; at an edge a small cracli may be 
stai-ted with tolerable certainty by carrying the file 
mark entirely over the edge. To guide tlie crack thus 
started, a pointed bit of chai-coal or sioiv-match may 
be used. The hot point must be kept on the glass 
from 1 c. m. to 0.5 c. m. in advance of the point of 
the crack. The crack will follow the hot point, and may 
therefore be carried in any desired direction. By tiu-n- 
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iiig and blowing upon the cool or slow-match, the point 
may be kept sufficiently hot. Whenever the place of 
Gsperiment is supphed with common illuminating gas, a 
very small jet of burning gas may be ailvantageonsly 
eubstitated for the hot coal or slow-matcli. To obtain 
such a sharp jet, a piece of hard glass tube. No. 5, 10 o. 
m. long, and drawn to a very fine point (§ 174), should 
be placed in the caoutchouc tube, which ordinai-Qy de- 
livers the gaa to the gaa-lamp, and the gas should be 
lighted at the fine estremity. The burnuig jet should 
have a fine point, and should not exceed 1.5 c. m. in 
length. By a judicious use of these simple tools, broken 
tubes, beakers, flasks, retorts, and bottles may often be 
made to yield very ireful articles of apparatus. No sharp 
edges should be allowed to remain upon glass apparatus. 
The durabihty of the apparatus itself, and of the corks 
and caoutchouc stoppers and tubing used with it, will be 
much greater, if all sharp edges are removed with the 
file, or still better, rounded in the lamp. 

174. Bendiiuj and closing glass tubes. Tubing of sizes 
foiu- to eight inclusive, can generally be worked in the 
common gas or spirit-lamp ; for lai-ger tubes the blast- 
lamp is necessary (g 164). Glass tubing must not be 
introduced suddenly into the hottest part of the flame, 
lest it crack. Neither should a hot tube be taken from 
tlie flame and laid at once upon a cold surface. Gradual 
heating and gradual cooling ai'e alike necessary, and ai'e 
the more essential the thicker the glass ; very thhi glass 
wil! sometimes bear tlie most sudden changes of temper- 
ature, but thick gli^s and glass of uneven thickness 
absolutely require slow heating and annealing. "When 
the end of artxibe is to be heated, as in rounding sharp 
edges, more care is required in consequence of the great 
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facility with which cracka start at an etlge. A tube 
slionld, therefore, always be brought first into the current 
of hot air beyond the actual flame of the gas or spirit- 
lamp, and there thoronghly warmed, before it is intro- 
duced into the flame itself. K a blast-iamp is employed, 
the tube may be warmed in the smoky flame, before the 
blast is tirrned on, and may subsequently be'annealed in 
the same maimer ; the deposited soot wiU be burnt off ia 
the first instance, and in the last, may be wiped off when 
the tube is cold. In heating a tube, whether for bending, 
drawing, or closing, the tube must be constantly turned 
between the fingers, and also moved a little to the right 
and left, in order that it may be imiforndy heated all 
round, and that the temperature of the neighboring 
parts may be duly rais^I If \ tube or rol is to be 
heated at any 1 tJ-ut end t houldbeh 11 b tw en 
the tliumb and S ^t two fm^e s f ea h h nd in su 1 a 
manner tliat the I n Is si all be I low tl o tul e o rod, 
with the pahns ^ a 1 whde tl e 1 nip flame b t en 
the bands. When tleenlofatleo olst be 
heated, it is best to bet,m by wa miUp the tube or od 
about 2 c. m. fiom the end inl f om th n e t p oceed 
slowly to the en 1 

The beat gla. s will not >e llackenel or hs olo ed 
during heating Black n ^ oeo s n ^laea wh cl 1 ke 
ordinary flint glaa c ntans oxile of le 1 ia n re- 
dient. Glass contammg much of this oside is not well 
adapted for chemical uses. The blackemng may some- 
times be removed by putting the glass in tlie upper or 
outer part of the flame, where the reducing gases are 
consumed, and the air has the best access to the glass. 
The blackening may be altogether avoided by always 
keeping the glass iu the oxidizing part of the fiamo. 

Glass begins to soften and bend below a visible red 
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]ioat. The condition of tlie gloss is judged of aa much 
by the fingera as the eye ; the hands feel the yielding of 
tlio glass, either to bending, pushing, or pulling, better 
than the eye can see the change of color or form. It may 
bo bent as soon as it ia hot enough to yield in the 
hands, but caai be drawn out only when much hotter 
than this. Glass tubing, however, should not he beut at 
too low a temperature ; the curves made at too low a 
heat are apt to be flattened, of unequal thickness on the 
convex and concave sides, and brittle. 

In bonding tubing to make gas-delivery tubea and the 
like, attention should be paid to the following points : 
1st, the glass should be equally hot on all sides ; 2d, it 
should not be tivisted, pulled out, or pushed together 
during the heating ; 3d, the bore of the tube at the bend 
should bo kept round, and not altered in size ; 4th, if two 
or more bends be made in the same piece of tubing 
(I'ig. 21, a), they should all be in the same plane, so that 
the finiebed tube will he flat upon the level table. 

"When a tube or rod is to be bent 
'^' ■ or drawn close to its extremity, a 

temporary handle may be attached 
to it by softening the end of the 
tube or rod, and pressing against 
the soft glass a fragment of glass 
tube, which will adhere strongly to the softened end. 
The handle may subsequently be removed by a slight 
blow, or by the aid of a file. If a considerable bend is 
to be made, so that the angle between the arms will be 
very small or nothing, as in a siphon, for example, the 
oiuwatui'e cannot be well produced at one place in the 
tube, but should be made by heating, progressively, 
several centimetres of the tube, and bending continu- 
ously from one end of the heated portion to the other 
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(Fig. 21, &). Small and thick tvibe may be bent more 
sharply tlian large or tbiii tube. 

In order to draw a glaaa tube down to a finer bore, it is 
simply noeeasary to thorougbly soften on all sides one or 
two centimetres' length of the tube, and then taking the 
glass from the flame, pull the parts asunder by a cautions 
movement of the hands. The lai-ger the heated portion 
of glass, the longer will be the tube thus formed, Ita 
length aad fiaenesa also increase with the rapidity of mo- 
tion of the hands. If it is desh'able that the finer tube 
should have thicker walls in proportion to its bore than 
the original tube, it is only necessary to keep the heated 
portion soft for two or three minutes before drawing out 
the tube, pressing the parts slightly together the while. 
By this process the glass will be thickened at the hot 
ring. 

To obtain a tube closed at one end, it is beat to talto a 
piece of tubing, open at both ends, and long enough t-o 
make two closed tubes. In the middle of the tube a ring 
of gloss, naiTow as possible, mast be made thoroughly 
soft. The handa are then separated a little, to cause a 
contraction in diameter at tlie hot 
and soft part. The point of the ^'°' ^'^' 

ilame must now be directed, not " 
upon the narrowest part of the tube, 
but upon what is to be the bottom of 
the closed tube. This point is initi- 
ated by tlie line a in Fig. 22. By withdi-awing the right 
■ hand, the narrow part of the tube is attenuated, and finally 
melted off, leading both halves of the original tube 
closed at one end, but not of the same form ; the right- 
hand hall is di'awn out into a long point, the other is 
more roundly closed. It is not possible to close hand- 
somely tho two pieces at once. The tube is seldom per- 
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fectly finisheiJ by tlie operation ; a snperiiiioiia knob of 
glass generally remains lipoii tlie end. If small, it may 
be got rid of by heating the wliole end of the tube, and 
Mowing' moderately with the mouth into the open end. 
The knob, being hotter, and therefore softer than any 
other part, yields to the pressure fi-om ivitliiu, epreoda 
out and disappears. If the knob is large, it may be cut 
off Tpith aciasors while red hot, or drawn off by sticking 
to it a fragment of tube, aud then softeningf the glass 
above the junction. The same process may be applied 
to the too pointed end of the right-hand half of the 
original tube, or to any misshapen reault of annnsuccess- 
ful attempt to close a tube, or to any bit of tube which is 
too short to make two closed tubes. "When the closed 
end of a tube is too thin, it may be strengthened by 
keeping the whole end at a red heat for two or three 
minutes, toi'ning the tube constantly between the fingers. 
It may be said in genera! of all the preceding operations 
before the lamp, that sueeess depends on Ireeping tlie- 
tube to be heated in constant rotation, iu order to secure 
a uniform temperature on ail sides of the tube. 

175. Blowing Bulbs. Bulb-tnbes, like the one repre- 
sented in T'ig, 23, are employed for reducing substances 
capable of forming sublimates upon the cold walls of the 
tube. They are readily made 
'''S.23- from bits of tubing, in the 

flame of Bunsen's bui'ner, or 
in the common blow-pipe 
flame. 

If the bulb de.^ired is largo 
ill proportion to the size of 
the tube on which it ia to be made, the walls of the tubo 
must be thieknuGil by rotation in tho flame before the 
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bi.ilb can be blown. The thicken ecT portion o! the glass is 
then to be heated to a cherry-red, STidclenly withdrawn 
from the flame, and expanded while hot by steadily 
blowing, or rather preasing, air into the tube with the 
mouth ; the tube must be constantly turned on its axis, 
not only wliile in the flame, but also while the bnlb is 
being blown. If too strong or too sudden a pressure be 
exerted with tho mouth, the bulb wiU be extremely thia, 
and quite useless. By watching the expanding glass, the 
proper moment for arreating' the pressure may usually be 
detei-miueA If the bulb obtained be not large eaougb, 
it may be reheated and enlarged by blowing into it again, 
provided that a sufficient tbictness of glass remain. 

If a bulb is to be blown in the middle of a piece of 
tubing, the tliicliening is effected by gently pressing the 
ends of the tube together while the glass is red-hot in 
the place where the bulb is to be ; if a large bulb is to be 
placed at the end of a tube, thia end is first closed, and 
then suitably thickened by pressing the hot glass up 
with a piece of metal until enough has been accumulated 
at the end. 

It is sometimes necessary to make a hole in the side of 
a tube or other thin glass apparatus. Tliis may be done 
by directing a pointed flame from the blast-lamp upon 
the place where the hole is to be, untd a small spot is 
red-hot, and then blowing forcibly into one end of the 
tube while the other end is closed by the finger ; at the 
hoi spot the glass is blown, out into a thin bubble, which 
bursts or may be easily broken off, leaving an apertiire in 
the side of the tube. 

It is hoped that these few directions wiU enable the 
attentive student to perfoi-m, sufficiently well, all the 
manipulations with glass tubes which the experiments 
described in this manual require. Much practice will 
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alone give a perfect mastery of tbo dotaily of gliius- 
blowing'. 

17S. Oaoukhouo. Vuleaiiized eaoutclioiie ia a most 
iiseM substance in the laboratory, on acconnt of ita elas- 
ticity, and because it resists so well most of tlie corrosive 
snbatanoea with which the chemist deals. It is used in 
three forms ; (1) in tnhing of various diam.eters com- 
parable with the sizes of glass tubing ; (2) in stoppers of 
vai'ioua sizes, to replace corks ; (3) in sheets. Caout- 
chouc tubing may be used to conduct all gases and liquids 
which do not corrode its substance, provided that the 
pre^nre imder wliich the gas or liquid flows be not 
greater, or their temperature higher, than the texture of 
the tubing can endure. The flexibility of the tubing is 
a very obvious advantage in a great variety of cases. 
Short pieces of such tubing, a few centimetres in length, 
are much used, under the name of connectors, to make 
flexible joints in apparatus of which glass tubing forma 
pari ; flexible joints add greatly to the dui-ability of such 
apparatus, because long glass tubes bent at several angles 
and connected with heavy objects, like globes, bottles or 
flasks full of liquid, are almost certain to break, even with 
the moat careful usage ; gas-delivery tubes, and all con- 
tdderable lengths of glass tubing, should invariably be 
divided at one or more places, and the pieces joined again 
with caoutchouc connectors. The ends of glass tubing 
to be thus connected should be squarely cut, and then 
rounded in the lamp, in order that no shai-p edges may 
cut the caoutchouc ; the iuteraal diameter of the caout- 
chouc tube must be a little smaller than the external di- 
ameter of tlie glass tubes ; the slipping on of the con- 
nector ia facilitated by wetting the glass. In some cases 
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of delicate quantitative manipulations, ia which the tiglit- 
est possible jointa must be socm-ed, the caoutchouo con- 
nector is bound on to the gh^s tube with a silk or smootli 
hnen string ; the string is passed as tightly aa possible 
twice round the connector, and tied with a square knot ; 
the string shoiild be moistened in order to prevent it from 
sUpping while the knot is tying. 

Caoutchouc stoppers of good quality are imich more 
durable tlian corks, ajid are in every respeofc to be pre- 
fen-ed. The Usrmaa stoppers are of excellent shape and 
qnahty ; the Ameriotm, being chiefly intended for ivine 
bottles, are apt to be too corneal. Caoutchouc steppers 
can be bored like corks (see the nest section) by means 
of suitable cutters, and glass tabes can be fitted into the 
holes thus made with a tightness unattainable with corks, 
German stoppers may be bot^ht already provided with 
one, two, and three holes. It is not well to lay in a large 
stock of caoutchouc stoppers ; for, though they last a long 
time when iu constant use, tliey not infrequently deteri- 
orate when kept in store, becoming hard and somewhat 
brittle with age. These stoppers must not be confounded 
with the very inferior caps which were in use a few years 

f^O. 

Pieces of thin sheet caoutchouc are very conveniently 
used for making tight joints between large tubes of two 
different sii;ea, or between the neck of a fla^c, or bottle, 
and a large tube which enters it, or between the neck of 
a retort and the receiver into which it entera. A suffi- 
ciently broad and long piece of sheet caoutchouc is con- 
siderably stretched, wrapped tightly over the glass parts 
adjoining the aperture to be closed, and secured in place 
by a sti-ing wound closely about it and tied with a square 
knot. 
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177. Corks. It is often very dilfioult to obtain sound, 
elaatic corks, of fine grain and of size auifcable for largo 
flasks and wide-mouthed bottles. On this aecoimt, bottles 
ivith mouths not too large to be closed witli a cork cuS 
across the grain should be chosen for chemical naea in 
preference to bottles which require large corks or bangs 
cut with the gi-ain, and therefore offering oontinuoua 
channels for the passage of gases, or even liquids. The 
kinds sold as champagne corks and as satin corks for 
phials, ai-e aaitable for chemical use. The best corks gen- 
erally need to be softened before using ; this softening 
may be effected by rolling the cork under a board upon 
the table, or under the foot upon the clean floor, or by 
gently squeezing it on all sides with the well-known tool 
espressly adapted for this purpose, and thence called a 
corh-squeszer ; steaming also soltens the hardest corks. 

Corks must often be cut with cleanness and precision ; 
a shai-p, thin kuife, such as shoemakers use, is desirable 
for this purpose. "Wlien a cork has been pared down to 
reduce its diameter, a ilat file may be employed in finish- 
ing ; the file must be fine enough to leave a smootti surface 
upon tlie cork ; in filing a cork, a cyhndricttl, rather than 
a conical, form shoidd be aimed at. 

In boring holes through corks to receive glass tubes, a 
hohovir cylinder of slieet brass shebrpened at one end is a 
very convenient took Fig. 24 represents a set of such 
little cylinders of gi-aduated sizes, sHpping one ^vithin 
the other into a very compact form ; a stout wire, of the 
same length as the cylinders, accompanies the set, and 
serves a double purpose — ^passed ti-ansversely through 
two holes in the cap which terminates each cylinder, it 
gives the hand a better grasp of the tool while penetra- 
ting the cork ; and when the hole is made, the wire thrust 
through an opening in the top of the cup expels the litUo 
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oyUnder of cork wliich else would remain in the cutting 
cylinder of bmss. That cutter, whose diameter is next 
below that of the glass tube to be inserted in the cork, is 
aJwaya to be seleetecl, and if the hole it makes is too 
small, a round file must be used to enlarge the aperture ; 
the round file, also, often comes in 
play to smooth the rough sides of a 
=* hole made by a dull cork-borer. A 
pair of small calipers ia a very conve- 
nient, though by no means ebecntial 
tool in determining -nhieh '.ize of 
cutter to employ. A flask whioh fie 
Bonta sharp or lOUE^h edges at the 
mouth can seldom be tightly corked 
for the cork cannot be mtioduced m 
to the neck without being cut oi 
roughened ; such sharp edges must be 
rounded in the Limp. In thrubtm^ 
glass tubes through bored corks, the 
following directions are to be observed: (1.) The end of 
the tube must not present a sharp edge capable of cutting 
the cork. (2.) The tube should be grasped very close to 
the cork, in order to escape cutting the hand which, holds 
tlie cork, should the tube break ; by observing this pre- 
caution, the chief cause of breakage, viz., irregular 
lateral pressure, will be at the same time avoided. (3.) 
A funnel-tube must never be held by the funnel in driving 
it through a cork, nor a bent tube grasped at the bend, 
unless the bend comes immediately above the cork. (4.) 
If the tube goes very hard through the cork, the appHca- 
tion of a little soap and water will facilitate its passage; 
but if soap is used, the tube can seldom be withdrawn 
from, the cork after the latter has become dry. (5.) The 
tube must not be pushed straight into the cork, but 
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screwed in, as it were, with a slow rotary as well as on- 
vfard motion. Joints made with corks should EJways be 
tested before the apparatus is used, by blowing into the 
apparatus, and at the same time stopping up all legitimate 
outlets. Any leakage is revealed by the disappearance of 
the preaaure created. To the same end, air may bo 
sucked out of an apparatus and its tightness proved by 
the permanence of the partial vacuum. To attempt to 
use & leaiy cork is generally to waste time and laborj and 
to insure the failure of the experiment. 



n 



178. Oa&^ttle. Fig. 25 represents a gas-bottle fitted 
for evolving sulphuretted hydrogen, carbonic acid, and 
other gases which can be prepared 
without heat. A straight glass tube 
of eonvenieat length is shpped into 
the caoutchouc connector at the right 
to carry the gas into the solution to 
be tested. The neck of the bottle 
should be rather narrow, since it is 
difScult to obtain tight stoppers for 
bottles ■with wide niouths, but must 
nevertheless be wide enough to admit 
a cork, or better a caoutehoue stop- 
per, capable of carrying both the de- 
livery and the thistle tubes. 

To prepare, for example, sulphuretted hydrogen gas, 
put a tablespoonfnl of fragments of sulphide of iron in 
the bottom of the bottle, replace the cork with its tubes, 
and press, or rather twist, it tightly into the neck of the 
bottle ; pour in enough water through the thistle-tube to 
seal the lower end of that tube, and finally as much con- 
centrated sulphuric acid as would be equal to a tenth or 
a twelfth of the volume of the water. 
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At the start it is well thus to mis strong- acid with the 
water in the bottle, for the heat generated by the uaion 
of the two liquida serves to warm the apparatus, and to 
facilitate the decomposition of the sulphide of iron ; but 
it muafc be remembered that strong sulphoric acid is by 
itself unfit for generating sulphuretted hydrogen, and 
that the evolution of gas would be checked if much of it 
were added. When the flow of gas ceases, pour a mnalf. 
portion of dilute sulphuric acid into the thistle-tube, and 
repeat this operation as often as may be necessary to 
maintain a, constant stream of gas. Dilute acid fit for 
this purpose may be prepared by mixing 1 volume of 
strong sulphuric acid with 14 volumes of water; the 
water should be well stirred and the acid poured into ifc 
iu a fine stream. 

In precipitating the members of Oasees n and IU 
with sulphm-etted hydrogen, the gas delivery-tube should 
not dip deeper tlian about an inch beneath the surface of 
the liquid in the beaker. A rapid current of gas is use- 
less and wastefuL The best method of operating is to 
pour dilate sulphuric acid into the thietle-tube iu such 
quantity that the bubbles of gas may. follow one another 
slowly enough to be counted without effort. 

179. Self-regulatinff Oas-generator. An apparatus 
which IS always ready to dehver a constant stream of 
lulphtiretted hydrogen, and yet does not generate tha 
gas except when it is immediately wanted for use, is a 
gieat convenience in an active laboratory. The same re- 
mark apphes to the two gases, hydrc^en and carbonic 
acid, which are litewise used in considerable quantities 
in quantitative analysis, and which can be conveniently 
generated in precisely tlie same form of apparatus which 
is advantageous for sulphuretted hydrogen. Such it 
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generator may be made of divers dimensions. Tlie fol- 
lowing dii-ectiouB, with the aceom- 
panjing figure (Fig. 26), will 
enable the student to construct 
au apparatus of convenient size. 
Prociiire a glass cylinder, 20 or 
25 c. m. in diameter, and 30 or 
35 c. m. high ; ribbed candy jars 
are sometimes fco be had of about 
this size ; procure also a stout 
tubulated baU-glass, 10 or 12 c. m. 
wide, and 5 or 7 c, m. shorter 
than the cylinder. Get a basket 
of sheet-lead, 7.5 c. m. deep, and 
2.5 c. m. narrower than the bell- 
glass, and bore a number of small 

holes in tlie sides and bottom of this basket. Cast a 
circular plate of lead, 7 m. m. thick, and of a diameter 
4 0. m. larger than that of the glass cyhnder ; on what is 
intended for its under side, solder three equidistant 
leaden strips, or a continuous ring of lead, to keep the 
plate in proper position as a cover for the cylinder. Pit 
tightly to each end of a good brass gas-cook a piece of 
brass tube 8 c. m. long, 1.5 to 2 c, m. wide, and stout in 
metal. Perforate the centre of the leaden plate, so that 
one of these tubes will snugly pass tlirough the orifice, 
and secure it by solder, leaving 5 c. m. of the tube 'pro- 
jecting below the plate. Attach to the lower end of this 
tube a stout hook on which to hang the leaden basket. 
By means of a sound cork and common sealing-wax, or a 
cement ma^de of oil mixed with red and white lead, fasten 
this tube into the tubulature of the bell-glass air-tight, 
and so firmly that the joint will bear a weight of several 
pounds. Hang the basket by means of copper wire 
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within t!io bell, 5 e. m. above the bottom of tlie latter. 
To the tube which extends above the stop-coct attach by 
a good cork the neck of a tubulated receiver, of 100 or 
150 c. c. capacity, the interior of which has been loosely 
stuffed vrith cotton. Into the second tabulatare of the 
receiver fit tightly the delivery- tube carrying a caoutchouc 
connector ; into thia connector can be fitted a tube 
adapted to convey the gas in any desired direction. 
When many persons use the same generator, each person 
must bring his own tube. 

To chai'ge the apparatus, fill the cylinder with dilute 
acid to within 10 or 12 c. m. of the top ; fill the basket 
with fragments of sulphide of iron ; hang the basket in 
the bell, and put the bell-glass fuU of air into its place, 
with the stop-cock closed. On opening the cock, the 
weight of the acid expels the air from, the bell, the acid 
comes in contact with the solid in the basket, and a steady 
supply of gas is generated until either the acid is satu- 
rated or the solid dissolved ; if the cock be closed, the 
gas accumulates in the bell, and pushes the acid below 
the basket, so that all action ceases. In cold weather, 
the apparatus must be kept in a warm place. For gen- 
erating sulphuretted hydrogen, sulphuric acid, diluted 
with fourteen parts of water, is used ; for hydrogen, zinc 
and svdphuric acid, diluted with four or five parts of 
water ; while for carbonic acid, chalk and muriatic acid, 
ddnted with two or three parts of water, should bo 
taken. 

180. Murtars. Whenever the substance to he ana- 
lyzed occurs in the form of large pieces or coarse powder, 
it should, as a general rule, be pulverized by mechanical 
means before subjecting it to the action of solvents. 
Mortars of iron, steel, agate, or porcelain ai'e used for 
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this pnrpose, aGcordiiig to tliG character of the substance 
to be powdered. 

An iron mortar is uaefnl for coorae work, and for effect- 
ing the fii-et rough breaking up of substances which are 
subsequently powdered in the agate or porcelain mortal-. 
If there be any risk of fragments being thrown out of 
the mortar, it should be covered with a cloth or piece of 
stiff paper, having a hole in the middle through which 
the pestle may be passed. Instead of the common iron 
mortar, a small steel mortar, of the kind called diamond 
mortars by dealers in chemical ware, may be used for 
crushing m.inera!g. Pieces of stone, minerals, and lumps 
of brittle metals may be safely broken into fragments 
Gnitable for the mortar by wrapping them in strong paper, 
laying them so enclosed upon an anvil, and striking them 
■with a heavy hammer. The paper envelope retains the 
broken particles, which might othenrise fly about in a 
dangerous manner, and be lost. 

The best porcelain mortars are those known by the name 
of "Wedge wood- ware, but there are many cheaper substi- 
tutes. Porcelain mortars will not bear sharp and heavy 
blows ; they are intended rather for grinding or tritura- 
ting saline substances than for hammering ; the pestle 
may either be formed of one piece of porcelain, or a piece 
of porcelain cemented to a wooden handle ; the latter is 
the less desirable form of pestle. Unglazed porcelain 
mortars are to be preferred. In selecting mortars, the 
following points should be attended to : 1st, the mortar 
should not be porous ; it ought not to absorb strong acids 
or any colored flnid, even if such liqmds be, allowed to 
stand for honrs in the mortar ; 2d, it shonld be vei-y hard, 
and its pestle should be of the same hardness ; 3d, it 
should be sound ; 4th, it should have a Hp, for the con- 
venience of pouring out liquids and Une po-'.ydcrs. As a 
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rule, porcelain mortars will not endure sudden changea 
of temperature. Tliey may be cleaned by rubbing in 
them a little sand soaked in nitric or sulphuric acid, or, 
if flrcida are not appropriate, in caustic soda. 

Agate mortars are only intended for trituration ; a blow 
would break them. They are exceedingly bard and im- 
permeable. The material is so precious and so hard to 
wort, that agate mortars are always small. The pestles 
are generally inconvenieatly short, a difficulty which may 
be remedied by fitting the agate pestle into a wooden 

In all grinding operations in mortars, whether of por- 
celain or agate, it is expedient to put only a small quan- 
tity of the substance to be powdered into the mortar at 
once. The operation of powdering will be facilitated by 
sifting the matter as f^t as it is powdered, returning to 
the mortar the particles which are too large to pass 
tlu-ough the sieve, 

181. Spatuke. For transferring substances in powdor, 
or in email grains or crystals, from one vessel to another, 
spatulie and scoops, made of horn or bone, arc convenient 
tools. A coarse bone paper-knife raalces a good spatula 
for laboratoi-y use. Cards, free from glaze and enamel, 
arc excellent substitutes for apatulfe. 
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rlTor floods, as appllod lo Lsvses of the Slissiaslppl, by a bishly tutalllgeut and eiperl- 
enced ooBloeef. The author says It te n flrat attsmpt to reduce 10 order and to rola th9 
doa1gD,axecutlon. jmd m^asarenkent of tEi^ Loveos of tbe MJaBlBBLi^pIr It I5 a moat uboToi 
and caodad coKUibaUOD ia se^eutlflo IStaratnro." — Phiiadel^iii EvsniTig JoitmaL 
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HOLLEY (A. L.) Railway Practice. American and Euro- 
pean Railway Practice, in the economical Generation of 
Steam, including the Materials and Construction of Coal- 
burning Boilers, Combustion, the Variable Blast, Va- 
porization, Ciicuhtion, Superhcatmg, Supplying and 
Heating Feed-water, &c , and the Adaptation of Wood 
and Coke burning Engmes to Coal-burning ; and in 
Permanent Was, including Road bed, Sleepers, Rails, 
Joint-fastenms5, Street Railways ^e , &c. By Alex- 
ander L. Holiey, B. P. With 77 lithographed plates. 
1 vol, folio, cloth ....,,, ^ 1 2 . 00 

■ • ( UAU tbeso Eu6Jeel3 aro trBaled by Oio anthor in both nn InleHtgont and intol- 
%lb1e muaner. Tbe facia uui ideas ora well arraugad, and presented in a clear and sim. 
pla style, accompaniea by beautiful engriTingfl, and wa preaame Uis work will ba ts- 
gm-dcd as indispensable by all wlio ara interestad In a knowledge of the eonstfuctloD of 
railroails ami rolling stock, or the working of locomoOTea."— Srfffli^ Amn-icaa. 

HUNT (E. M.) Designs for the Gateways of the Southern 
Entrances to the Central Park. By Richard M. Hunt. 
With a description of the designs. I vol. 4to, illus- 
trated, clotli S.Oi* 

KING (W. H.) Lessons and Practical Notes on Steam, 
the Steam Engine, Propellers, &c., &c., for Voung Ma- 
rine Engineers, Students, and others. By the late W. 
H. King, U. S. Navy. Eeviscd by Chief Engineer J. 
W. King, U. S. Navy. Twelfth edition, enlarged. 8vo, 
cloth z.oa 

" This IB tho Iwoirth edition of a valoablQ work ot the late W. H. King, U. S. Kary. It 
contains Icbsoeh and practical noles on Steam anil the Steam Engine, Propollors, &o. 11 ia 
calculated to be of great use to young marina eagineers, stuctenta, and otbera. Tlia text 

This now edition baa been revised and enlarged by Ohlef Jiagioeer J.W. Kit^, U.B.Bayy, 
broUiar to the deceased author of the work."— JJoMon Daily Adwritser, 

MeCOEMICK (R. C). Arizona : Its Resources and Pros- 
pects. By Hon. R. C. McCormick. With map, 8vo, 
paper , , 3$ 
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MmiPIE (Wm.) Mechanical Drawing. A Text-Book 
of Geometrical Drawing for the use of Mechanics and 
Schools, in which the Definitions and Rules of Geometry 
are familiarly explained ; the Practical Problems are ar- 
ranged, from the most simple to the more complex, and 
in their description technicalities are avoided as much 
as possible. With illustrations for Drawing Plans, Sec- 
tions, and Elevations of Buildings and Machinery; an 
Introduction to Isometrical Drawing, and an Essay on 
Linear Perspective and Shadows. Illustrated with over 
200 diagrams engraved on steel. By Wm. Mini/ie, 
Architect. Seventh Edition. With an Appendix on 
the Theory and Application of Colors. 1 vol. Bvo, 
cloth i 

•• It ia tHe boEt work on Drawing thn-t wo ha™ OTor seGn. aiu! is nspminlly a tej 

as a, UOEbiaiBt, Eag\a<sei; CublueC-Uakei, Mlllorrigtil or Carutjatar, sLouM be wlthc 
'^•iSaeniiJi''- Amerisan. 

IVI3SI3S3 great value to buJJdera. Tlia stylo is aX uaco degaut aud Bubsl^Ji 



la rendered perreotly iQtelliglblo b7 remarkably wi?1l4xi3cut«d dla- 

draff iDgf liueor perspeoltve, aad tha prt^actioD of ebadows, wiQdIuc 
to tochulcaL l«rma." — Gta^i/w Mechiiaija' Jounml. 

tzed tbe Dse ot U1I3 book in tbeir BcliOBia oT art 

It ibs Kingdom. 

HIHIPIB (Wm.) Geometrical Drawing. Abridged from 
ihe Octavo edition, for the use of Schools, Illustrated 
with 48 steel plates. Fifth edition, i vol. I2ma, half 
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PIERCE (Prof. Bcnj.) System of Analytical Mechanics. 
Physical and Celestial Mechanics, by Benjamin Pierce, 
Perkins Professor of Astronomy and Mathematics in 
Harvard University, and Consulring Astronomer of the 
American Epheraeris and Nautical Almanac. Developed 
in four systems of Analytical Mechanics, Celestial Me- 
chanics, Potential Physics, and Analytic Morphology. 
1 vol. 4to, cloth $io.< 



DstellaCioa, tbey itlustrate each oilier, sod E< 



PL'JMPTOH. The Blow- ripe ; a System of Instruction in 
its Practical Use, being a Graduated Couise of Analy- 
sis for the Use of Students and all those engaged in the 
Examination of Metallic Combinations. Second edi- 
tion, with an appendix and a copious index. By Geo. 
"VV. Plympton, of the Polytechnic Institute, Brooklyn. 
1 vol. i2mo, cloth z.oo 

POOK (S. M.) Method of Comparing the Lines and 
Draughting Vessels Propelled by Sail or Steam. In- 
cluding a chapter on Laying off on the Mould-Loft 
Floor, By Samuel M. Pook, Naval. Constructor, i 
vol. 8vo, with illusi rations, cloth 5.00 



BOBERS (H. D.) Geology of Pennsylvania. A complete 
Scientific Treatise on the Coal Formations. By Henry 
D. Rogers, Geologist. ' 3 vols. 410, plates and maps. 
Boards ; 
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SUSSELL (J. Scott). The Modern System of Naval Arch!- 
teeture for Commerce and War. In Three Parts. Part 
I, Naval Design. Part i, Practical Ship-Building. Part 
3, Hteam Navigation, i vol. folio 7 74 

pp. text, and 2 vols, plates, 165 i 11 d d 

copper, varying in size from folio d bl 1 pi 7 

in. X zo in. to 27 in. x go in., d d 

practical working scale. In Portf h $6 00 

In half Eussia, 3 vols 5 00 

SHAFFHER (T. P.) Telegraph MIA pi 

History and Description of the m pi El 

and Magnetic Telegraphs of Eur ^ A A \( 

with 625 illustrations. By Tal. P Sh ft f iv 

tuclcy. New edition. 1 voh 8v I h 85 pp 6 ;o 

SILVERSMITH (Julius). A Practic 1 H d 1> If M 
ners, Metallurgists, and Assayera, p g h m 
recent improvemenls in the disi g Ig m 
tion, smelling, and parting of the P O h 
Comprehensive Digest of the M g L G I 
auguraented, revised, and correct d B) j I SI 
smith. Fourth edition. Profusely illustrated, i vol. 
lamo, cloth 3.00 

" 'The PraeHcal Hanil-BoQlc tor Mineis, Metallnrglsts, and Assayors,' by Mr. Jnllns 
SIlTOrsmJth, a, wtiIgf woll knowa in caunBcUon wltli miniug entarpriaes, Ibrma n aaeful 
contrllintion 10 the Boientifio lllcratnrB of tlio oouati-y. II will lie found of e^ual valua to 
tliose engagod In mining, oiUwr ns aoloal workers, or 8b owners or atareholaei'a in railing 
property. It gives a brief Tweete of the geology of meloJs, quite snfQclept fbr pmolicat 
purposes, and CTidentiy gatlorad from Uia best autlioriaas. It treats of mining la all ita 
brancbes, Ibr orss and nallTe metals, olaaalfying the sevoral kinds of veins Hnd doposils, 
aai herein exhibits tbo mcHllffl in use in tbe exploration of mines, tunnels, sbafl^ adits, 
galleries, (fc, , and tbe timbering of mlLca This part of Uie book, as Indeed most 
branches treated, Is profusely iiluBtratfid by cuts, wbicb must Msiat tho ready eompre. 
henslDD of the matter dlscusaed. A BDmmary a! the chemistry and meiallDrgioal trea^ 
meot of metals fbllows, and after giving descriptions, accompanied by cngraTlngB, of a 

precloiEmelHls,aiebtiokcoDCtadeswitiiaueipD9itlaiiof tlia minb^ laws of Ibe paclCi: 

SILVER DIBTEICTS OE HEVADA. 8vo, with map, 

P^ps"- ■ 3! 
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SaiLBDEEEt]^. A Synopsis of Brirish Gas Lighiing, compris- 
ing the essence of tiie London Journal of Gas Lighting, 
from 1849 to 186S, Arranged and exscuied by James 
R. Smedberg, C. E., Engineer of the San Francisco 
Gas Works. Issued only to subscribers. 4:0, cloth. 
(Ready soon.) . $! 5 .00 

SPHEaiCAL ASTROEOMY. By F. Bnmnow, Ph. Dr. 
Translated by the Author from the Second German 
edition. 1 vol. 8vo, cloth 6.50 

STILLMAH (Paul). Steam Engine Indicator, and the Im- 
proved Manometer Steam and Vacuum Gaugea — their 
Utility and Application. By Paul Stillman. New 
edition, i vol. i2mo, flexible cloth 1.00 

'1 The purpose of this nspful volumQ le lu brlifg lo tlia Tiotlcti of tha Dumarons cla^s flf 
ttio^Q IntereslQd la the buJkUiLg aud tli^j u&3 ot eliiaiu cbeLqcs^ the ecoQomf tmd safot j attcact' 
iag Uie 05a of tJia liiatcgmonl therain deBorihed. Tho Mttnomator has baan long used— the 
liweDlol' Vb Watt In a crtuler form; and Ilia forms taeroLti descrkbod are patautad by the 
aiithop. *rbe Ituignage of the aaUior, the dliLgrams, aad the seicaUflo mode of treatment, 

SWEET (S. H.) Special Report on Coal ; showing its Dis- 
CrlbutJon, Classification, and cost delivered over different 
routes to various points in the State of New York, and 
ihe principal cities on the Atlantic Coast. By S. H. 
Sweet. With maps, 1 vol. 8vo, cloth 3-00 

STSWAUT (W. M.) The Mineral Resources of the Pacific 
States and Territories. By Hon. W. M. Stewart. 8vo, 
paper 25 

WALKES {W. H.) Screw Propulsion. Notes on Screw 
Propulsion, its Rise and History. By Capt. W. H. 

Walker, U. S. Navy, i vol. 8to, cloth 75 

"ATtBt thoroughly Semonatrating (he eflolauor of tlio scraw, Jlr. Walter prooeeda to 

poloC oiLt the varioDB other polula to be attended to in order to eeonra an el^ciCDt mim-of- 

vror, and enI<^izoG Ihrou^hoat the roB'lhieaa of (Jie BrlUah Admiralty to test every DDV- 

taina an innnenaa amount ol concise practical data, and erery Stem ef lutDrinatieiL re- 
prarloosly to oxpressii^ an opinion.'^— Zond^w itininQ JoumaL 
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WARl) (J. H.) Steam far the Million. A populat Trea- 
tise on Steam and its Application to the useful Arts, es- 
pecially to Navigation. By J. H. Ward, Commander 
U. S. Navy. New and revised edition, i vol. 8vo, 
cloth $1 .00 

WEI^BACH (Julius). Principles of the Mechanics of Ma- 
chinery and Engineering. By Dr. Julius "Weisbach, of 
Preiburg. Translated from the last German edition. 
(In press,) 

WHILDEH (]. K.) On the Strength of IVTaterials used in 
Engineering Construction. By J. K. Wkilden. I vol. 
1 2mo, cloth . . n 2 . 00 

ropo, hGmpen cable, BtrengUl of thin oyUndoi-s of onst Iron; modulng of elastislty, 
Btrengtb of Uiiok cylinders, as cannon, &c., effocia of rehenting, cic. , reeieianoB of limber, 
ueCnla, and slone to cruablDg; oxperlmoalsoDbrlolc-wort; stj'eugUi of plUara, coUapaa of 

of inLiCCrm Btteng^b^ tablo of coefflclonlsof timber, slonQ, and Iron; reloCnre Glrongth of 
welgbt In coBUron, (ronsTotas sWeogth oC alloys; eiporimonla on wi-ongbt and oast-lton 

WHITNEY (J. P.) Colorado, ia the United States of 
America. Schedule of Ores contributed by sundry 
persons to the Paris Universal Exposition of 1867, with 
some Information about the Region and its Resources. 
By J. P. Whitney, of Boston, Commissioner from the 
Territory. Pamphlet 3vo, with maps. London, 1867= 25 

Silver Mining Regions of Colorado, with some ac- 
count of the different processes now being introduced 
for working the Gold Ores of that Territory. By J. P„ 
Whitney, i3mo, paper 25 

"WILLI&MSO:? {R. S.) On the Use of the Barometer on 
Surveys and Reconnaissances. Part I. Meteorology in 
its connection with Hypsometry. Pan II. Barometric 
Hypsometry. By R. S. Williamson, Bvt. Lieut -Col. 
U. S. A., Major Corps of Engineers. "With Illustra- 
tive Tables and Engravings. Paper No. 15, Profes- 
sional Papers, Corps of Engineers. 1 vol. 410, doth. 15.00 
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